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PREFACE 


This training course was written for men ofthe Navy and of the Naval 
Reserve who are preparing for advancement to Molder First Class or 
Chief Molder. Combined with the necessary practical experience and a 
review of other applicable Navy Training Courses, a knowledge of the 
information in this course should help the reader meet advancement 
requirements. 


Molder 1 & C, NavPers 10585-B, was prepared by the Training Publi- 
cations Division, Naval Personnel Program Support Activity, Washington, 
D.C., for the Bureau of Naval Personnel. Technical assistance was pro- 
vided by the Naval Ship Systems Command, Naval Examining Center, 
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California. 


First Edition 1955 
Revised 1962 


Revised 1968 


Stock Ordering No. 
0500-1 60-2000 














THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


.At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 
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Chapter 1 
ADVANCEMENT 


This training course is designed to help you 
meet the occupational qualifications for advance- 
ment to Molder First Class and Chief Molder. 
Chapters 2 through 14 of this training course 
deal with the technical subject matter of the 
Molder rating. The present chapter provides 
introductory information that will help you in 
wcrking for advancement in rating. It is strongly 
recommended that you study this chapter care- 
fully before beginning intensive study of the re- 
mainder of this training course. 


REWARDS AND RESPONSIBILITIES 


Advancement in rating brings both increased 
rewards and increased responsibilities. Thetime 
to start looking ahead and considering the rewards 
and the responsibilities of advancement is right 
ncw, while you are preparing for advancement to 
ML1 or MLC. 

By this time, you are probably well aware of 
many of the advantages of advancement in rating— 
higher pay, greater prestige, more interesting and 
challenging work, and the satisfaction of getting 
ahead in your chosen career. By this time, also, 
you have probably discovered that one ofthe most 
enduring rewards of advancement is the personal 
satisfaction you find in developing your skills 
and increasing your knowledge. 

The Navy also benefits by your advancement. 
H.ghly trained personnel are essential to the 
functioning of the Navy. By each advancement in 
rating, you increase your value to the Navy in 
two ways. First, you become more valuable as a 
technical specialist in your own rating. And 
second, you become more valuable as a person 
who can supervise, lead, and train others and 
thus make far reaching and long lasting contri- 
butions to the Navy. 

In large measure, the extent of your contri- 
bution to the Navy depends upon your willingness 
and ability to accept increasing responsibilities 
as you advance in rating. When you assumed the 
duties of a ML3, you began to accept a certain 


amount of responsibility for the work of others. 
With each advancement inrating, you accept anin- 
creasing responsibility in military matters andin 
matters relating to the occupational requirements 
of the Molder rating. 

You will find that your responsibilities for 
military leadership are about the same as those 
of petty officers in other ratings, since every 
petty officer is a military person as well as a 
technical specialist. Your responsibilities for 
technical leadership are special to your rating 
and are directly related to the nature of your 
work. Operating and maintaining the foundry so 
that castings can be manufactured is a job of 
vital importance, and it's a teamwork job; it re- 
quires a special kind of leadership ability that 
can only be developed by personnel who have a 
high degree of technical competence and a deep 
sense of personal responsibility. 

Certain practical details that relate to your 
responsibilities for foundry administration, su- 
pervision, and training are discussed in chapter 
2 of this training course. At this point, let's 
consider some of the broader aspects of your 
increasing responsibilities for military andtech- 
nical leadership. 

YOUR RESPONSIBILITIES WILL EXTEND 
BOTH UPWARD AND DOWNWARD. Both officers 
and enlisted personnel will expect you to trans- 
late the general orders given by officers into 
detailed, practical on-the-job language that can be 
understood and followed even by relatively inex- 
perienced personnel. In dealing with your juniors, 
it is up to you to seethatthey perform their work 
properly. At the same time, you must be able 
to explain to officers any important needs or prob- 
lems of the enlisted men. 

YOU WILL HAVE REGULAR AND CONTINU- 
ING RESPONSIBILITIES FOR TRAINING. Even 
if you are lucky enough to have a highly skilled 
and well trained foundry personnel, you will still 
find that training is necessary. For example, you 
will always be responsible for training lower 
rated men for advancement in rating. Also, some 
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of your best workers may be transferred and in- 
experienced or poorly trained personnel may be 
assigned to you. Or a particular job may call for 
skills that none of your personnel have. These 
and similar problems require you to be a train- 
ing specialist who can conduct formal and in- 
formal training programs to qualify personnel 
for advancement and who can train individuals 
and groups in the effective execution of assigned 
tasks. 

YOU WILL HAVE INCREASING RESPONSI- 
BILITIES FOR WORKING WITH OTHERS, As 
you advance to ML1 and then to MLC, you will 
find that many of your plans and decisions affect 
a large number of people, some of whom are not 
in the foundry and some of whom are not even 
in the repair department. It becomes increas- 
ingly important, therefore, to understand the 
duties and responsibilities of personnel in other 
ratings. Every petty officer in the Navy is a 
technical specialist in his own field. Learn as 
much as you can about the work of other ratings, 
and plan your own work so that it will fit in with 
the overall mission of the organization. 

AS YOUR RESPONSIBILITIES INCREASE, 
YOUR ABILITY TO COMMUNICATE CLEARLY 
AND EFFECTIVELY MUST ALSO INCREASE, 
The basic requirement for effective communi- 
cation is a knowledge of your own language. Use 
correct language in speaking and in writing. Re- 
member that the basic purpose of all communi- 
cation is understanding. To lead, supervise, and 
train others, you must be able to speak and write 
in such a way that others can undertand exactly 
what you mean. 

A second requirement for effective communi- 
cation in the Navy is a sound knowledge of the 
Navy way of saying things. Some Navy terms 
have been standardized for the purpose of ensur- 
ing efficient communication. When a situation 
calls for the use of standard Navy terminology, 
use it. 

Still another requirement of effective com- 
munication is precision in the use of technical 
terms. A command of the technical language of 
the Molder rating will enable you to receive and 
convey information accurately and to exc 
ideas with others. A person who does not under- 
stand the precise meaning of terms used in con- 
nection with the work of his own rating is ata 
disadvantage when he tries to read official 
publications relating to his work. He is also at 
a great disadvantage when he takes the written 
examinations for advancement in rating. Although 
it is always important for you to use technical 
terms correctly, it is particularly important when 


you are dealing with lower rated men; sloppiness 
in the use of technical terms is likely to be very 
confusing to an inexperienced man. 


YOU WILL HAVE INCREASED RESPONSIBIL- 
ITIES FOR KEEPING UP WITH NEW DEVELOP- 
MENTS. Practically everything in the Navy— 
policies, procedures, equipment, publications, 
systems—is subject to change and development. 
As a MLI1, and even more as a MLC, you must 
keep yourself informed about all changes and new 
developments that might affect your rating or your 
work. 

Some changes will be called directly to your 
attention, but others you will have to look for. Try 
to develop a special kind of alertness for new 
information. Keep up to date on all available 
sources of technical information. And, above 
all, keep an open mind on the subject of foundry 
equipment and materials. New types of sand 
have been introduced in Navy foundries and exist- 
ing sand ingredients have changed, resulting in 
better quality of castings. If you recall a few' 
years ago, the only sands that were used was 
natural bonded and synthetic sands. Now, oil 
bonded sands and olivine sands are used in 
various foundries. These changes are by no 
means the only ones that have occurred during 
this period of time; they are noted here merely 
to indicate the variety of changes that can be 
expected in the field of foundry equipment and 
materials. 


THE MOLDER RATING 


Men of the Molder rating operate all kinds of 
furnaces, and other foundry equipment. In addi- 
tion to operating the equipment, you must main- 
tain the equipment. As a Molder (ML), you will 
make molds and cores, rig flasks, prepare heats, 
and pour castings of ferrous and nonferrous alloys, 
clean castings, and pour bearings. 

Careful study ofthe qualifications for advance- 
ment in rating will show that you must perform 
a variety of tasks. For example, you will be re- 
quired to construct molds for all commonly cast 
metals from patterns that require chills, gating 
systems for controlling the rate of flow of metals, 
and facing sands for special purposes (high pres- 
sure and temperature). You will be required to 
rebabbitt all types of bearing shells. You must 
know how to construct dry sand cores from all 
types of core boxes for metals that require the use 
of special core sand mixtures to resist metal 
penetration and high temperatures and pressures; 
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and you will be required to construct composite 
(green topped and air dried) cores from all types 
of core boxes for appropriate metals used in the 
foundry. In addition, you will be required to pre- 
pare work requests and estimate time and mater- 
ials in foundry work. 

As a Molder, your work will depend to a large 
extent on your assignment. For example, some 
foundries can produce iron and steel, while others 
cén produce only nonferrous alloys. 

You may be assigned to shore duty at a repair 
activity or facility, or a foundry in the United 
States or at an advanced base overseas; or assign- 
ed as an instructor either at the Service School 
Command, San Diego, or at a recruit training 
station. To qualify for an instructor duty you 
must successfully complete a courseininstructor 
training. If fully qualified, you may also be sent 
tc a Class B school for additional training. Molders 
may also be assigned to the Naval Examining 
Center, Great Lakes, to assist in the preparation 
of the servicewide advancement inrating exami- 
nations;or to the Training Publications Division, 
NPPSA, Washington, D.C., to assist in the prepa- 
ration or revision of Navy Training Courses and 
other training materials. (This training course, 
for example, was revised by a Senior Chief 
Molder while he was attached to the latter ac- 
tivity.) 


REQUIREMENTS FOR ADVANCEMENT 


In general, to qualify for advancement you 
must: 


1. Have a certain amount of time in grade. 

2. Complete the required military and occu- 
pational training courses. | 

3. Demonstrate the ability to perform all the 
PRACTICAL requirements for advancement by 
completing the Record of Practical Factors, 
NavPers 1414/1. 

4. Be recommended by your commanding 
officer. 

5. Demonstrate your KNOWLEDGE by passing 
& written examination based on (a) the military 
requirements for advancement and (b) the occu- 
pational qualifications for advancement in the 
Molder rating. 


FINAL MULTIPLE 


Advancement is not automatic. Meeting allthe 
requirements, makes you eligible for advance- 
ment but does not guarantee your advancement. 
The number of men in each rate and rating is 





controlled on a Navy-wide basis. Therefore, the 
number of men that may be advanced is limited 
by the number of vacancies that exist. When the 
number of men passing the examination exceeds 
the number of vacancies, some system must be 
used to determine which men may be advanced 
and which may not. The system used isthe ‘‘final 
multiple” and is a combination of three types 
of advancement systems. 


Merit rating system 
Personnel testing system 
Longevity, or seniority system 


The Navy's system provides credit for per- 
formance, knowledge, and seniority, and, while 
it cannot guarantee that any one person will be 
advanced, it does guarantee that all men within a 
particular rating will have equal advancement 
opportunity. 

The following factors are considered in com- 
puting the final multiple: 


Factor Maximum Credit 
Examination score 80 
Performance factor 

(Performance evaluation) 50 
Length of service (years x 1) 20 
Service in pay grade (years x 2) 20 
Medals and awards 15 


185 


All of the above information (except the 
examination score) is submitted to the Naval 
Examining Center with your examination answer 
sheet. After grading, the examination scores, 
for those passing, are added to the other factors 
to arrive at the final multiple. A precedence 
list, which is based on final multiples, is then 
prepared for each pay grade within each rating. 
Advancement authorizations are then issued, 
beginning at the top of the list, for the number 
of men needed to fil the existing vacancies. 


KEEPING CURRENT 
ON ADVANCEMENT 


Remember that the requirements for advance- 
ment may change from time to time. Check with 
your division officer or with your training officer 
to be sure you have the most recent requirements 
when you are preparing for advancement and 
when you are helping lower rated men to pre- 
pare for advancement. 
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To prepare for advancement, you need to be 
familiar with (1) the military requirements and 
the occupational qualifications given in the Man- 
ual of Qualifications for Advancement in Rating, 
NavPers 18068-B (with changes); (2) the Record of 
Practical Factors, NavPers 1414/1; (3) appro- 
priate Navy Training Courses; and (4) any other 
material that may be required or recommended 
in the current edition of Training Publications for 
Advancement in Rating, NavPers 10052. These 
materials are discussed later in the section of 
this chapter that deals with sources of informa- 
tion. 


SCOPE OF THIS TRAINING COURSE 


Before studying any book, it is à good idea 
to know the purpose and the scope of the book. 
Here are some things you should know about 
this training course: 


e It is designed to give you information on 
the occupational qualifications for advancement 
to ML1 and MLC. 


e It must be satisfactorily completed before 
you can advance to ML1 or MLC, whether you 
are in the regular Navy or in the Naval 
Reserve. 


e It is NOT designed to give you information 
on the military requirements for advancement to 
PO1 or CPO, Navy Training Courses that are 
specially prepared to give information on the 
military requirements are discussed in the sec- 
tion of this chapter that deals with sources of 
information. | 


e It is NOT designed to give you information 
that is related primarily to the qualifications 
for advancement to ML3 and ML2. Such infor- 
mation is givenin Molder 3 & 2, NavPers 10584-B. 


e The occupational Molder qualifications that 
were used as a guide in the preparation of this 
training course were those promulgated in the 
Manual of Qualifications for Advancement in Rat- 
ing, NavPers 18068-B, change 1. (Change 2 
1967 and change 3, 1968 did not affect the Molder 
qualifications.) Therefore, changes in the Molder 
qualifications occurring after this change may not 
be reflected in the information given inthis train- 
ing course. Since your major purpose in studying 
this training course is to meet the qualifications 
for advancement to ML1 or MLC, it is important 
for you to obtain and study a set of the most re- 
‘cent Molder qualifications. 


e This training course includes information 
that is related to both the KNOWLEDGE FACTORS 
and the PRACTICAL FACTORS of the qualifica- 
tions for advancement to ML1 and MLC. However, 
no training course can take the place of actual 
on-the-job experience for developing skill in the 
practical factors. The training course can help 
you understand some of the whys and wherefores, 
but you must combine knowledge with practical 
experience before you can develop the required 
skills. The Record of Practical Factors, NavPers 
1414/1, should be utilized in conjunction with this 
training course whenever possible. 


e This training course deals almost entirely 
with the foundry and some associated equipment 
installed on repair ships, submarine tenders (AS), 
destroyer tenders (AD), and internal combustion 
engine repair ships (ARG). 


e Chapters 2 through 14 of this training 
course deal with the occupational subject matter 
of the Molder rating. Before studying these 
chapters, study the table of contents and note 
the arrangement of information. Information can 
be organized and presented in many different 
ways. You will find it helpful to get an overall 
view of the organization of this training course 
before you start to study it. 


SOURCES OF INFORMATION 


It is very important for you to have an ex- 
tensive knowledge of the references to consult 
for detailed, authoritative, up-to-date informa- 
tion on all subjects related to the military re- 
quirements and to the occupational qualifications 
of the Molder rating. 

Some of the publications discussed here are 
subject to change or revision from time totime— 
some at regular intervals, others as the need 
arises. When using any publication that is subject 
to change or revision, be sure you havethe latest 
edition. When using any publication that is kept 
current by means of changes, be sure you have 
a copy in which all official changes have been 
entered. 


BUPERS PUBLICATIONS 


The BuPers publications described here in- 
clude some which are absolutely essential for 
anyone seeking advancement in rating and some 
which, although not essential, are extremely help- 
ful. 
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THE QUALS MANUAL.—The Manual of Quali- 
fications for Advancement in Rating, NavPers 
18068-B (with changes), gives the minimum re- 
quirements for advancement to each rate within 
each rating. The Quals Manual lists the military 
requirements which apply to all ratings and the 
occupational qualifications that are specific to 
each rating. 

The Quals Manual is kept current by means 
of numbered changes. These changes are issued 
more frequently than most Navy Training Courses 
can be revised; therefore, the training courses 
cannot always reflect the latest qualifications for 
advancement. When preparing for advancement, 
ycu should always check the LATEST Quals Man- 
ual and the LATEST changes to be sure that you 
krow the current requirements for advancement 
in your rating. 

When studying the qualifications for advance- 
ment, remember these three things: 


1. The quals are the MINIMUM requirements 
for advancement to each rate within each rating. 
If you study more than the required minimum, 
you will of course have a great advantage when you 
take the written examination for advancement in 
rating. 

2, Each qual has a designated pay grade—E-4, 
E-5, E-6, E-7, E-8, or E-9. You are responsible 
for meeting all quals specified for advancement to 
the pay grade to which you are seeking advance- 
ment AND all quals specified for lower pay grades. 

3. The written examinations for advancement 
to E-6 and above contain questions relating tothe 
practical factors and the knowledge factors of 
BOTH military/leadership requirements and oc- 
cupational qualifications. Personnel preparing for 
advancement to E-4 or E-5 must pass a separate 
military/leadership examination prior to partici- 
pation in the Navy-wide occupational examination. 
The military/leadership examinations for both 
levels are given quarterly. Candidates are re- 
quired to pass the applicable military/leadership 
‘examination only once. 


A special form known as the RECORD OF 
PRACTICAL FACTORS, NavPers 1414/1, isused 
to record the satisfactory completion of the 
practical factors, both military and occupational, 
listed in the Quals Manual. Either this form or 
ils predecessor, NavPers 760, is available for 
each rating. The old form will continue to be 
used until supplies are exhausted. Whenever a 
person demonstrates his ability to perform a 
practical factor, appropriate entries must be made 
in the DATE and INITIALS column. As a ML1 





or MLC, you will often be required to check the 
practical factor performance of lower rated men 
and to report the results to your supervising 
officer. To facilitate record keeping, group 
records of practical factors are often maintained 
aboard ship. Entries from the group records must, 
of course, be transferred to each individual's 
Record of Practical Factors at appropriate in- 
tervals. 

As changes are made periodically tothe Quals 
Manual, new forms of NavPers 1414/1 are pro- 
vided when necessary. Extra space is allowed on 
the Record of Practical Factors for entering 
additional practical factors as they are published 
in changes to the Quals Manual. The Record of 
Practical Factors also provides space for record- 
ing demonstrated proficiency in skills which are 
within the general scope of the rating but which 
are not identified as minimum qualifications for 
advancement. Keep this in mind when you are 
training and supervising lower rated personnel. If 
a man demonstrates proficiency in some skill 
which is not listed in the Molder quals but which 
falls within the general scope ofthe rating, report 
this fact to the supervising officer so that an ap- 
propriate entry can be made. 

The Record of Practical Factors should be 
kept in each man's service record and should be 
forwarded with the service record to the next 
duty station. Each man should also keep a copy 
of the record for his own use. 


NAVPERS 10052.—Training Publications for 


Advancement in Rating, NavPers 10052, is avery 
important publication for anyone preparing for 
advancement in rating. This publication lists 
required and recommended Navy Training 
Courses and other reference material to be used 
by personnel working for advancement in rating. 
NavPers 10052 is revised and issued once each 
year by the Bureau of Naval Personnel. Each 
revised edition is identified by a letter following 
the NavPers number. When using this publication, 
be SURE you have the most recent edition. 

The required and recommended references are 
listed by rate level in NavPers 10052. It is im- 
portant to remember that you are responsible 
for all references at lower rate levels, as well 
as those listed for the rate to which you are 
seeking advancement. 


Navy Training Coursesthat are marked with an 
asterisk (*) in NavPers 10052 are MANDATORY 
at the indicated rate levels. A mandatory training 
course may be completed by (1) passing the ap- 
propriate Enlisted Correspondence Course based 
on the mandatory training course, (2) passing 
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locally prepared tests based on the information 
given in the mandatory training course, or (9) 
in some cases, successfully completing an ap- 
propriate Navy school. 

It is important to notice that all references, 
whether mandatory or recommended, listed in 
NavPers 10052 may be used as source material 
for the written examinations, at the appropriate 
rate levels. 


NAVY TRAINING COURSES.—Navy Training 
Courses are written for the specific purpose 
of helping personnel prepare for advancement in 
rating. Some courses are general in nature and 
are intended for use by more than one rating; 
others (such as this one) are specific tothe partic- 
ular rating. 

Navy Training Courses are revised from time 
to time to bring them up to date. The revision 
of a Navy Training Course is identified by a 
letter following the NavPers number. You can 
ell whether a Navy Training Course is the 
latest edition by checking the Nav Pers number and 
he letter following the number in the most recent 
edition of the List of Training Manuals and 

orrespondence Courses, NavPers 10061 (re- 
ised). 

There are three Navy Training Courses that 
are specially prepared to present information on 
he military requirements for advancement. 


These courses are: 


Basic Military Requirements, NavPers 10054 
current edition). 


Military Requirements for Petty Officer 3 & 2, 


avPers 10056 (current edition). 


Military Requirements for Petty Officer 1& C, 


avPers 10057 (current edition). 


Each of the military requirements courses is 
andatory at the indicated rate levels.In addition. 
o giving information on military requirements, 
hese three books give a good deal of useful in- 
ormation on the enlisted rating structure; how to 
repare for advancement; how to supervise, train, 
d lead other men; and how to meet your in- 
reasing responsibilities as you advance in rating. 
Some of the Navy Training Courses that may be 
seful to you when you are preparing to meet the 
cupational qualifications for advancement to 
L1 and MLC are discussed briefly inthe follow- 
g paragraphs. For a complete listing of Navy 
'raining Courses, consult the List of Training 
anuals and Correspondence Courses, NavPers 
0061 (revised). 


Basic Handtools, NavPers 10085 A. Although 
this training course is not specifically required 
for advancement in the Molder rating, you will 
find that it contains a good deal of useful infor- 
mation on the care and use of all types of hand- 
tools and portable power tools commonly used in 
the Navy. 


Blueprint Reading and Sketching, NavPers 
10077-C, contains information that may be of 


value to you as you prepare for advancement to 
ML1 and MLC. 


Mathematics, Vol. 1, NavPers 10069-C, and 
Mathematics, Vol. 2, NavPers 10071-A. These 
two training courses may be helpful if you need 
to brush up on your mathematics. Volume 1, in 
particular, contains basic information that is 
needed for using formulas and for making simple 
computations. The information contained in 
volume 2 is more advanced than you will need 
for most purposes, but you may occasionally find 
it helpful. 


Molder 3 & 2, NavPers 10584-B. Satisfactory 
completion ot this training course is required 
for advancement to ML3 and ML2. If you have 
met this requirement by satisfactorily complet- 
ing an earlier edition of Molder 3 & 2, you should 
at least glance through the B revision of the 
training course. Much of the information given 
in this edition of Molder 1 & C is based on the 
assumption that you are familiar with the con- 
tents of Molder 3 & 2, NavPers 10584-B. 


Navy Training Courses prepared for other 
Group VII (Engineering and Hull) ratings are 
often a useful source of information. Reference 
to these training courses will increase your 
knowledge of the duties and skills of other men 
in the repair department. The training courses 
prepared for Patternmaker, Machinery Repair- 
man, and Shipfitter are likely to be of particular 
interest to you. 


CORRESPONDENCE COURSES.—Most Navy 
Training Courses are used as the basis for cor- 
respondence courses. Completion of a mandatory 
training course can be accomplished by passing 
the correspondence course that is based on the 
training course. You will find it helpful to take 
other correspondence courses, as well as those 
that are based on mandatory training courses. 
For example, the completion of the correspond- 
ence course based on Patternmaker 3 & 2 is 
strongly recommended for personnel preparing 
for advancement to MLC. Taking a correspondence 
course helps youto master the information given in 
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the training course or text and also gives you a 
pretty good idea of how much you have learned 
frora studying the book. 


OTHER NAVPERS PUBLICATIONS.—Ad- 
ditional NavPers publications that you may find 
useful in connection with your responsibilities for 
leadership, supervision, and training include the 
Manual for Navy Instructors, NavPers 16103-C, 
and the Naval Training Bull e Naval Training Bulletin, NavPers 14900 
(published quarterly). 


NAVSHIPS PUBLICATIONS 


A number of publications issued by the Naval 
Ship Systems Command will be of interest to 
you. While you do not need to know everything 
that is given in the publications mentioned here, 
you should have a general idea of where to find 
information 1n NavShips publications. 

The Naval Ships Technical Manual isthe basic 
doctrine publication of the Naval Ship Systems 
Command. The Manual is kept up to date by 
means of quarterly changes. All copies of the 
Manual should have all changes made in them as 
Socn as possible after the changes are received. 

Beginning with the quarterly changes dated 
15 July 1963, the Naval Ship Systems Command 
began to renumber individual chapters in the 
Naval Ships Technical Manual according to the 
Navy-Marine Corps Standard Subject Classifica- 
tion System. Under this system, all chapters of 
the Manual will eventually be part of the 9000 
series which identifies ship design and ship’s 
material subject groups. When all chapters have 
been renumbered to conform to the 9000 numbering 
system, the old chapter numbers will be elimin- 
ated. In the meantime, you willhave to consult the 
sheets inthe front of the first volume of the Manual 
which cross-reference the new numbering system 
and the old. Some of the Manual chapters remain 
in their old positions, so the new and the old 
numbers have a definite relationship to each other. 
For example, the old chapter 27 will in time be 
renumbered as 9270, and the old chapter 88 will 
be renumbered as 9880. However, some of the 
chapters will be moved to new locations, as well 
as being renumbered; in these cases, there is 
no clear relationship between the old numbers and 
the new. For example, the old chapter 6 has been 
moved to a new location and is now numbered 
9004. 

The following chapters of the Naval Ships Tech- 
nical Manual, identified by old number and/or 
new number, are of particular importance to you. 








Chapter Number Title 
Old New 
4 9003 Allowances, Surveys, and 
Requests for Material 
6 9004 Inspections, Records, and 
Reports 
27 9270 Wire Rope 
40 9005 Tables of Technical Data 
9190 Preservation of Ships in 
Service 
9230 Industrial Bases 
9300 Storage of Safe, SemiSafe, 
and Dangerous Materials 
9310 Repair Parts | 
88 9880 Damage Control (Section 
II, Practical Damage 
Control) 
9910 Workshop Equipment on 
Ships 


It should be noted that some chapters of the 
Naval Ships Technical Manual are referred to in 
this training course by either the old chapter 
number or the new chapter number, depending 
upon which number was in use at the time of 
writing. If you have any trouble locating the chap- 
ter by the number given in this training course, 
check the cross-reference sheets given in the front 
of the first volume of the Naval Ships Technical 
Manual. 

The Naval Ship Systems Command Technical 
News is a monthly publication which contains 
interesting and useful information on all aspects 
of shipboard engineering. The magazine is partic- 
ularly useful because it presents information 
which supplements and clarifies information con- 
tained in the Naval Ship Systems Manual and be- 
cause it presents information on new equipment, 
policies, and procedures. 





The manufacturers’ technical manuals that 
are furnished with most machinery units and 
many types of equipment are valuable sources 
of information on operation, maintenance, and 
repair. The manufacturers’ technical manuals 
for furnaces and other foundry equipment are 
usually given NavShips numbers. 


COMMERCIAL PUBLICATIONS 


Many commercial publications are available 
that are excellent sources of technical infor- 
mation. Commercial publications will acquaint 
you with new changes, thus, enabling you to keep 
up to date on the latest improvements in the 
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field of foundry practice. Commercial publica- 
tions are also a source of information for melt- 
ing and pouring practices for special alloys not 


covered in current training manuals or Navships 


Technical Manuals. In addition, these publica- 
tions are a source of technical information for 
problems that you might encounter in foundry 
practice not otherwise covered by references 
listed in Training Publications for Advancement 
in Rating, NavPers 10052 (current edition). 

The following commercial publications can be 
purchased from the American Foundrymen’s 
Society: Cast Metals Handbook, Foundry Sand 
Handbook, Copper-Base Alloys Foundry Practice 


Molding Methods and Materials, Foundry Core 
Practice, and Refractories Manual. 
TRAINING FILMS 

Training films available to naval personnel 


are a valuable source of supplementary infor- 
mation on many technical subjects. A selected 


list of training films that may be useful to you 
is given in appendix I of this training course. 
Other films that may be of interest are listed 
in the United States Navy Film Catalog, Nav- 
Weps 10-1-777, published in 1966. This catalog 
is now listed in the NavSup Forms and Publica- 
tions Catalog, NavSup 2002, as NavAir 10-1-777. 
Beginning in 1967, Supplements to the Film Cata- 
log carry the number NavAir 10-1-777. 

When selecting a film, note its date of issue 
in the film catalog. As you know, procedures 
sometimes change rapidly. Thus some films 
become obsolete rapidly. If a film is obsolete 
only in part, it may sometimes be shown effect- 
ively if before or during its showing you care- 
fully point out to trainees the procedures that 
have changes. For this reason, if you are showing 
a film to train other personnel, take a look at 
it in advance if possible so that you may spot 
material that may have become obsolete andver- 
ify current procedures by looking them up in the 
appropriate sources before the formal showing. 
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ORGANIZATION AND ADMINISTRATION 


The mission of a repair ship or tender is to 
make repairs and alterations to ships tended. With 
this in mind, ships and submarines will be as- 
signed availabilities normally alongside, or near 
a -epair ship or tender. The needs of the ships 
are normally accomplished in a specified period 
of time. The ships submit job orders for ac- 
complishment of repairs and these job orders 
are reviewed, discussed, and details are smoothed 
out. Communication between ships undergoing re- 
pair and the repair officer must be maintained. 
Progress of job orders is reported, and de- 
parture reports are made out at the end of 
certain availabilities. To aid in the accomplish- 
ment of the mission of the ship, you must be 
able to efficiently organize, supervise, and train 
your shop personnel. A knowledge of the informa- 
tlon presented in this chapter should help you 
in performing your duties. 


Before getting into the actual subject matter 
of this chapter, let's take a moment to con- 
sider what results you may expect from study- 
ing this material. After carefully studying this 
chapter, you should be able to explain the func- 
tions of the repair department, list the divisions 
and give their duties, define all the availa- 
bilities, list the records and reports discussed 
and identify the types of entries and information 
recorded on them, explain the factors related to 
estimating a job, plan shop work including lay 
out, job assignment, establishing priorities, and 
scheduling jobs, and list the three general areas 
oz indoctrination for new men. 


REPAIR DEPARTMENT ORGANIZATION 


Before discussing the methods of organiz- 
ing a shipboard foundry for production, it is 
essential to consider the organization of the 
repair department and the repair ship main- 
tenance procedures. When your assignment sends 
you to duty ashore, you will work within the 
framework of an organization having a mission 


similar to that of a shipboard repair depart- 
ment. A thorough understanding of the team 
spirit that prevails in the repair procedure will 
give you a clearer picture as to where the 
foundry fits into the scheme of the total repair 
mission. 

A department is the backbone of the organi- 
zational structure of the ship. The department 
is limited to certain clearly defined functions 
such as those related to engineering, repair, 
or gunnery. This organizational structure per- 
mits the commanding officer to delegate re- 
sponsibilities to lower levels of authority while 
maintaining overall control and responsibility 
for the operation of his ship. 

The department is subdivided into divisions 
with respect to smaller areas of responsibility 
within the department. The head of a depart- 
ment is responsible to the commanding officer 
for the operation of his department. Depart- 
mental administrative and divisional assistants 
are responsible to the head of department. 

As a Molder, you will be concerned with 
the organization of the repair department and 
the division in which you are serving. See 
Molder 3 & 2, NavPers 10584-B, for a detailed 
chart that shows the position of the foundry in 
the organization of a typical repair department. 
The repair officer is head of the repair de- 
partment. 


REPAIR OFFICER 


The primary responsibility of the repair 
officer is the maintenance of a well-organized 
and efficiently operated repair department. To 
accomplish this he issues and enforces depart- 
mental orders, he makes frequent inspections 
to ensure the maintenance of proper standards 
within the department, and he reviews personnel 
problems in such matters as training, assign- 
ments, and leave. In addition, the repair officer 
is responsible for operating within the allotment 
granted or for requesting additional funds when 
necessary. 
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The repair officer reviews work requests 
received. When required, he makes recommenda- 
tions to the commanding officer regarding the 
acceptance or rejection of individual jobs accord- 
ing to the capabilities and current workload ofthe 
repair department. 


ASSISTANT REPAIR OFFICER 


The assistant repair officer is charged with 
the responsibilities of the repair officer in the 
latter's absence; he otherwise discharges such 
responsibilities as may be delegated to him. He 
is usually charged with the internal administration 
of the repair department, the handling of depart- 
ment correspondence, the maintenance of adequate 
files and records, and the preparation of reports. 
The assistant repair officer is responsible for 
the details of the training program for personnel 
in the repair department. The routing of job 
orders is also his responsibility, as is the dis- 
semination of any information (such as department 
orders) necessary to the welfare of personnel. 

In addition to general office administration, 
the assistant repair officer may be assigned 
the more specific jobs of keeping progress data 
on all outstanding work, supervising the photo- 
graphic laboratory, supervisingthe drafting room, 
and preparing requisition data for special ma- 
terial. To perform this latter function he works 
closely with the supply department in order to 
expedite the preparation of requisitions and to 
initiate followup on outstanding requisitions. 


OTHER ASSISTANTS 


In addition to the assistant repair officer, 
the repair officer also has the following assist- 
ants: 


An ELECTRICAL assistant, who is respon- 
sible for the proper functioning of these shops — 
electrical repair, electrical instrument, gyro, 
and battery. 


An ELECTRONICS assistant, who is respon- 
sible for all repair and alteration work accom- 
plished by the electronics division. 


A MACHINERY assistant, who is responsible 
for the proper functioning of the foundry and the 
upper (light), lower (heavy), and outside machine 
shops. 


A HULL assistant, who is responsible for the 
proper functioning of the pattern, carpenter, ship- 
fitter, blacksmith, sheetmetal, pipe and copper, 
canvas, and welding shops. 
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A WEAPONS assistant, who is responsible for 
the proper functioning of the ordnance repair, 
fire control, and torpedo shops. 


A DASH assistant, (Dash-Drone Antisubmarine 
Helicopter) who is responsible for the repairs of 
avionics equipment and engines, and minor struct- 
ural damage. 


DIVING AND SALVAGE OFFICER 


The duties of the diving and salvage officer 
may constitute a separate assignment, or may be 
assigned as an additional duty to one of the 
division officers of the repair department. His 
principal responsibility is the personal super- 
vision of all diving operations. He is responsible 
for the maintenance and inspection of diving 
equipment, to ensure that it is always ready for 
use and in perfect condition. He must also 
enforce compliance with the diving instructions 
and precautions given in the U, S, Navy Diving. 
Manual, and chapter 9940 (94) of the NavsShips 
Technical Manual. 

The diving and salvage officer is also re- 
sponsible for the adequacy and readiness of 
salvage gear including the rigging equipment, 
line, cable and chain, and of underwater tools 
such as cutting and welding outfits. 


REPAIR DEPARTMENT DUTY OFFICER 


The duties and responsibilities of the repair 
department duty officer are set forth in the 
ship's organization book. In the absence of the 
repair officer or assistant repair officer, the 
duty officer sees that incoming ships are met 
by & boarding officer and administers requests 
for emergency and routine repair work. 

When the ship is at anchor or moored, he 
makes the eight o'clock report to the command 
duty officer after determining the status of 
the department by making necessary inspections 
and consolidating the evening reports made by 
duty CPOs. When underway, he makes this 
report prior to 1900 to the repair officer. (When 
special night jobs are going on, the report must 
include information regarding the number of men 
working, boats away from the ship on repair 
work, and any unusual conditions existing.) 

The duty officer arranges with other depart- 
ments for any assistance he may need in the 
repair department. 

He acquaints himself with the morning orders 
and sees that any part which pertains to the 
repair department is carried out. The duty 
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officer does everything possible to increase the 
efficiency of the repair department during his 
day's duty. 


SHIP REPAIRS 


You may be assigned as ship's superintendent 
or as a repair department progressman. These 
jobs require considerable knowledge of repair 
procedures, especially those relating to adminis- 
trative practices for processing work requests 
and for maintaining logs and reports to provide 
the repair officer with information on the status 
of work being done on ships alongside. The respon- 
sibilities of ship's superintendent and progress- 
man often overlap and you may perform both 
functions at the same time. 

Collectively, the duties of a ship's super- 
intendent and progressman are: 


1. Act as coordinator of shopwork on the 
ships assigned to you. 

.. 2. Act as liaison between the ships and the 
tender in regard to repair department jobs. 

3. Reportdaily to the commanding officers 
or their representatives of the ships assigned 
to you, to ensure that the work is progressing 
satisfactorily as far as the ship is concerned. 

4. Report on Friday of each week, to the 
repair officer, the status of each job, bringing 
to’ his attention any high priority job that is 
lagging. Include in this report recommendations 
as to the shifting of work, material procurement, 
and whether or not the job can be completed on 
time. 

5. Maintain a daily progress report or chart 
which will indicate (a) the percent completion 
of each job, (b) the availability of plans, sketches, 
or samples, and (c) the availability of material 
required for each job. 

6. Maintain a followup check on material 
ordered, to ensure the timely receipt of the 
material. 
| 7. Obtain signatures from officers concerned 
in case of cancellation of a job order. 

8. Notify the ships to pick up completed 
material on the tender. 

9. Secure signatures from officers con- 
cerned on completion of job orders. 

10. Notify ships' personnel to witness tests 
on machinery, compartments, and tanks, oc- 
casioned by work performed. 


A thorough knowledge of the information 
included in the following sections will be helpful 
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in the efficient performance of your job as 
ship's superintendent or progressman. 


REPAIRS AND ALTERATIONS 


Work done to repair and improve ships ma: 
be divided into the general categories of (1) re: 
pairs, (2) alterations, and (3) alterations equiv: 
lent to repairs. 

A REPAIR is defined as the work necessar: 
to restore a ship or an article to serviceable 
condition without change in design, in materials 
or in the number, location, or relationship o 
parts. Repairs may be accomplished by ship' 
force, by repair ships and tenders, or by nava 
shipyards or other shore-based activities. 


An ALTERATION is defined as any change 
in the hull, machinery, equipment, or fittings 
which involves a change in design, in materials 
or in the number, location, or relationship o 
the parts of an assembly, regardless of whethei 
it is undertaken separately from, incidental to. 
or in conjunction with repairs. 


Alterations must be authorized by compete 
authority. The two types of alterations that ar 
of primary concern to you are NAVALTS an 
SHIPALTS. A NAVALT is an alteration th 
affects the military characteristics of a nav 
ship. 


A SHIPALT is an alteration under the tech 
nical cognizance of the Naval Ship System 
Command, regardless of whether or not it af 
fects the military characteristics of the, shi 
Thus an alteration might be only a SHIPAL 
or it might be both a SHIPALT and a NAVAL 
The same principle applies to alterations unde 
the technical cognizance of other systems com 
mands. For example, an ORDALT (ordnance al 
teration under the cognizance of the Naval Ord 
nance Systems Command) might be only a 
ORDALT or it might be both an ORDALT an 
a NAVALT. 


An ALTERA TION EQUIVALENT TOA REPAI 
is an alteration which meets one or more oft 
following conditions: 


1. The substitution, without other chang 
in design, of materials which have previousl 
been approved by the Naval Ship Systems Com: 
mand (or other cognizant systems :command 
for similar use and which are available fron 
standard stock. 
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2. The replacement of wornout or damaged 
parts, assemblies, or equipments requiring re- 
newal by those of later and more efficient 
design previously approved by the Naval Ship 
Systems Command (or other cognizant systems 
command). 

3. The strengthening of parts which require 
repair or replacement in order to improve 
reliability of the parts and of the unit, provided 
no other change in design is involved. 

4. Minor modifications which involve no sig- 
nificant changes in design or functioning of the 
equipment but which are considered essential 
to prevent recurrence of unsatisfactory condi- 
tions. 


Only the systems command exercising tech- 
nical control over the article, or the authority 
to whom such technical control has been dele- 
gated by that systems command, may designate 
an alteration equivalent to a repair and approve 
it for accomplishment. 


AVAILABILITIES 


A ship may not informally and on her own 
initiative come alongside a repair ship or ten- 
der or enter a naval shipyard or other shore- 
based repair activity. The control and dispo- 
sition of a naval ship is at all times a function 
of certain operating commands. When a ship 
needs outside repair assistance, or when it is 
scheduled for a regular overhaul, the type com- 
mander or in some cases the task force com- 
mander assigns the ship an availability at a 
repair activity. An availability is defined in 
Navy Regulations as ‘‘the period of time assigned 
a ship by competent authority for the uninter- 
rupted accomplishment of work which requires 
services of a repair activity ashore or afloat.’’ 
The brief descriptions of availabilities which 
follow are based on definitions as presented in 


the Equipment Identification Code (EIC) Manual. 


A RESTRICTED AVAILABILITY is an avail- 
ability for the accomplishment of specific items 
or work by a repair activity, normally with the 
ship present, during which period the ship is 
rendered incapable of fully performing its as- 
signed mission and task due to the nature of the 
repair work. This type of availability applies 
to shipyards only. 

A TECHNICAL AVAILABILITY is an avail- 
ability for the accomplishment of specific items 
of work by a repair activity, normally with the 
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ship not present, during which period the ship's 
ability of fully performing its assigned mission 
and tasks is not affected by the nature of the 
repair work. (This availability applies to ship- 
yards only.) For example, when an auxiliary 
pump needs repairing, a technical availability 
may be granted. Since the ship will not be 
present during the availability, arrangements 
must be made for the ship to deliver the de- 
fective equipment to the repair activity and to 
call for it on completion of repairs, or to pro- 
vide adequate shipping instructions. 


A REGULAR OVERHAUL is an availability 
for the accomplishment of general repairs and 
alterations at a naval shipyard or other shore- 
based repair activity, normally scheduled in 
advance and in accordance with an established 
cycle. 


A SUPPLY AVAILABILITY is a periodoftime 
assigned a ship by competent authority for the 
uninterrupted accomplishment of a supply over- 
haul. A supply overhaul is the work involved in 
the purification and adjustment of on-board stocks 
and records to bring them into conformity with 
prescribed allowances or other stockage objective 


criteria. A supply availability is normally sched- 
uled to coincide with a regular overhaul. 


VOYAGE REPAIRS are emergency jobs nec- 
essary to enable the ship to continue on its mis- 
sion and which can be accomplished without re- 
quiring a change in the ship's operating schedule 
or the general steaming notice in effect. This 


availability applies to shipyards only. 


A NRT SHIP AVAILABILITY is an availabil- 
ity for the accomplishment of work for a naval 
reserve training ship. 


A REGULAR TENDER AVAILABILITY is an 
availability for the accomplishment of general 
repairs and authorized alterations which are 
beyond the capacity of the ship's force; work is 
accomplished alongside a tender or repair ship. 
An availability of this type is normally scheduled 
in advance. 


AN EMERGENCY TENDER AVAILABILITY is 
an availability assigned to a ship for the purpose 
of rendering repairs to specific casualties, Emer- 
gency work takes first priority on a tender 
capacity. 

A PARENT TENDER/AUTOMA TIC AVAILA- 
BILITY is an availability for the accomplishment 
of items of work usually on ship-to-shop basis. 
The repairs are normally of a nonoperational 
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nature and. done by a tender or repair ship on 
an unscheduled basis. 


A CONCURRENT AVAILABILITY is an avail- 
ability for the accomplishment of ship-to-shop 
work by the tender of repair ship scheduled to 
coincide with the regular shipyard overhaul, or 
restricted availability. 


A SUPPORT AVAILABILITY is an availability 
for the accomplishment of specific items of work 
for units or commands other than a ship such as 
an afloat staff or shore based activity. 

Although the term applies to work on naval 
ships, upkeep periods are not availabilities be- 
cause the work involved does not necessarily 
require accomplishment by a repair activity. 
An UPKEEP PERIOD is the period of time assign- 
ed a ship, while moored or anchored, by compe- 
tent authority for the uniterrupted accomplishment 
of work by the ship’s force or other forces 
afloat. 

The Maintenance Deferred Action Sheet (re- 
placement for the CSMP cards) is used as a basis 
for advance preparation of a work request. Work 
Requests (OPNAV 4700-2C) are made out on out- 
standing work indicated by the Deferred Action 
Sheet (OPNAV 4700-2D). 

The work requests, with the required number 
of copies, are sent with a forwarding letter to 
the type commander. The staff officer handling 
material and maintenance screens the work re- 
quests. Most of the ship’s availability work list 
items are approved and authorized. Also the 
ship may have to furnish more detailed information 
on certain work requests. The amount of correct- 
ive action taken by the reviewing staff officer 
will depend upon how well the work requests are 
written and the extent to which they follow estab- 
lished policies and procedures. Upon the comple- 
tion of this screening, the ship’s work requests 
are forwarded to the repair ship or tender. This 
is done well in advance of the assigned period 
of availability so that the repair department 
personnel can schedule the work and make any 
necessary preparations. 


ARRIVAL CONFERENCE 


When a ship comes alongside for a regular 
tender availability, an arrival repair conference 
is usually held immediately. The conference is 
attended by representatives of the ship, of the 
repair department, and (usually) of the type 
commander. The relative needs of the ship and 
the urgency of each job are discussed. The ar- 
rival repair conference serves to clear up un- 


13 


certainties for repair department personnel who 
have received and studied the work requests. 

Arrangements are also made for the repair 
ship to provide the primary services of steam 
and electricity in sufficient quantity to take 
care of heating and lighting requirements and 
to provide limited power for ships alongside. 
In addition to these services, the repair ship 
takes over communication watches. Fresh water 
and fuel requirements are not usually supplied 
except from barges. 


WORK REQUESTS AND JOB ORDERS 


Although the terms ‘‘work request’’ and ‘‘job 
order’’ are sometimes used interchangeably, this 
is not technically correct because the two terms 
actually have slightly different meanings. Work 
requests are made up by the ship and are for- 
warded through proper channels to the repair 
activity. When the work request has been ap- 
proved by the repair activity, it is issued asa 
job order. Information on processing a work 
request is given in Chapter 3 of this training 
course. 


WORK AND PROGRESS REPORTS 

Inspection of the work and the record of pro- 
gress on the various jobs must be closely 
followed by those responsible in the repair de- 
partment. Normally, the division officer makes 
several rounds of the shops and outside activities 
during the day. He settles differences of opinion 
between ship and repair personnel on the con- 
duct of any particular job, expedites supple- 
mentary job orders for other divisions, and elim- 
inates bottlenecks in the course of progress. 

Daily progress reports are submitted on 
OPNAV Form 4700-2F (Work Supplement Card) 
to the division officer at the end of each work 
day, for each job order. This information is 
produced on the production report (PR-1) daily. 
This information is also reproduced on the 
Maintenance Control Report 1 (MRC 1) normally 
twice weekly, on Tuesday and Thursday. These 
reports are used by the repair officer, division 
officer, and shop supervisor. These reports can 
be of great value to the repair officer in estimat- 
ing the amount of work carried, the wisdom of 
assignments, and the actual progress being made. 
Information concerning work supplement cards 
and maintenance control reports are discussedin 
the next chapter. 
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DEPARTURE REPORTS 


A departure report is a special report and is 
prepared by the repair ship or tender for ships 
undergoing a regular tender availability. The 
departure report contents may vary from one 
ship to another, but normally they contain the 
following entries: Ships accounting number, 
maintenance control number, item of repair, shops 
assigned, date completed, man-hours required, 
number of job orders assigned to the ship, 
number of job orders cancelled, number of job 
orders not completed, and reasons for cancel- 
lation and not completed jobs. 


FOUNDRY MANAGEMENT 


As an ML1 or MLC, one of your major 
responsibilities will be to supervise the foundry 
for production work and maintenance of equip- 
ment. In order to supervise the foundry most 
efficiently, you will rely mostly on your past 
experience in shop work and repair procedures. 
In addition to this, you will be required to serve 
as Division Duty CPO or repair department CPO, 
maintain certain records and reports, conduct 
and supervise an effective training program, and 
give accurate estimates as to the time required 
o complete repair work. 

It is impossible to cover all the procedures 
and problems that arise in the work of a shop 
upervisor. By studying this section, you will 
ecome aware of some of the things that occur, 
articularly in regard to the job of setting up 
hop procedures, and the methods by which every- 
ay problems are solved in a foundry. 






















UTIES AS A SUPERVISOR 


As a leading petty officer, you should know 
hat work is done and what equipment is used 
y personnel of other Engineering and Hull 
roup ratings. Although it is true that many 
aintenance and repair jobs can be properly 
andled within your own division, some jobs will 
equire skills and equipment found only in other 
ivisions. Therefore, you must learn to work 
ith the repair department as well as with the 
ngineering department. 
A cooperative attitude is a requisite of good 
eadership and supervision. You should show 
cooperative attitude when dealing with your 
men and with men not assigned to your shop, 
whom you may have to instruct and supervise. 

our attitudes will have a definite effect upon 
he attitudes and the actions of these men. 


As an ML1, you may work with a chief who 
will assign you to handle the operational mechan- 
ical aspects of a foundry. The chief will depend 
upon you to help him with many tasks and to 
accept any necessary responsibility. Therefore, 
you must be prepared to assume complete re- 
sponsibility for the operation of the foundry when 
you are required to be the leading PO. 

Under such conditions, you must know how to 
lead and supervise others. To supervise effect- 
ively, you need to know the ship's organization 
and the place of the foundry in that organization. 
The organization varies somewhat from ship to 
ship. For example, the ship's foundry may be in 
the machinery division, or in the hull division, 
depending on the individual ship's organization. 
Your work will bring you in frequent contact with 
the Patternmaker, the Machinery Repairman, 
and the Shipfitter. Occasionally you may work 
with the Electrician’s Mate. 

If you are assigned to a shore-based foundry, 
the organization will be similar. Regardless of 
your assignment, you must know (1) to whom you 
and your shop are directly responsible, (2) where 
you can obtain advice and assistance, when re- 
quired, (3) where your orders and assignments 
will originate, (4) what your supervisors expect 
from you, and (5) what your shop is capable 
of doing. 


Duties as Division Duty CPO 
or Repair Department CPO 


As a leading petty officer, you will, at regular 
intervals, be the division duty CPO as well as 
a shop supervisor. As the duty CPO you will 
perform the following functions: 


1. Inspect all shops at the end of working 
hours and at such other times as may be nec- 
essary; make security reports daily prior to 
1900, concerning the number of men working at 
night, special jobs in progress, and any unusual 
conditions. (These reports are made to your 
division officer when under way, and at other 
times, to the repair duty officer. On occasion, you 
may make these reports directly to the command 
duty officer.) 

2. See that all machinery being used is oper- 
ated by competent and authorized personnel; that 
existing orders, instructions, and safety pre- 
cautions are being followed; and that power, 
equipment, or compressed air are not being 
wasted. 

3. See that all tools and equipment not inuse 
are properly secured. 
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4. Check for fire and accident hazards in the 
Shops and see that all shops not in use are clean 
and shipshape. 

5. Keep the repair duty officer and the men 
working on jobs notified of your whereabouts so 
that you may be readily located. 

6. Take charge of any repair department work 
for your division which may arise outside of work- 
ing hours, when so directed by the repair officer, 
or in cooperation with the shop supervisor con- 
cerned. 


Duties as Shop Supervisor 


As a shop supervisor, you will be expected 
to perform the following duties: 


1. Plan, schedule, and check the progress of 
the shop workload. 

2, Expedite work and inspect all jobs. 

3. Ensure that work is done satisfactorily. 

4. Maintain order and discipline in the shop. 

5. Enforce all safety precautions. 

6. Sign receipts for all special custody tools 
and equipment issued to the shop. 

7. Maintain the necessary records and make 
inventories as directed by your division officer. 

8. Approve or disapprove special requests 
submitted by shop personnel, explaining your rea- 
sons for approval or disapproval to the division 
officer at the time the requests are turned over 
to him. 


RECORDS AND REPORTS 


As you advance in rating, you will be required 
to assume more responsibility for the paperwork 
which is so necessary in a well-organized shop. 
In fact, to avoid bogging down completely in the 
mass of details, you will probably delegate some of 
these duties to an assistant in the shop. Keeping 
all your records up to date will enable you to 
keep a close check on each job, each workman, 
and each piece of equipment under your super- 
vision. The ship will have standard forms and 
blanks for keeping some of the required records 
and for making certain supply transactions; for 
example, job orders (OPNAV 4700-2C), intershop 
work supplement cards (OPNAV 4700-2F), and 
stub requisitions (DD Form 1348). You can sup- 
plement these forms with shop logs and notebooks 
on your own design to meet your specific needs. 


A WORK PROGRESS LOG is a record of all 
the current and completed work accomplished 
by your shop and by each man assigned to the 
shop or working force. The system of keeping 
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the work progress log may be one of your own 
design, but it should contain the following pert- 
inent data: job order maintenance controlnumber, 
date received, accounting number of the ship 
requesting the work, brief description of the job, 
name of the man assigned to do the job, the number 
of man-hours expended to complete the job, and 
the pattern number, if provided. 


A MATERIAL EXPENDED RECORD is a run- 
ning inventory—of your stockpile—including such 
information as the date material was received, 
the jobs on which the material was expended, 
and the balance on hand. To facilitate the prepa- 
ration of stub requisitions, such data as quanti- 
ties listed on the ship's allowance, location of 
the spaces where material is stored, stock num- 
bers, and nomenclature may be included. 


An EQUIPMENT LOG is a list of the various 
tools charged to you and their location—whether 
in the shop or storeroom, or assigned to an 
individual; the location of repair parts boxes 
can also be logged in this notebook. Án equipment 
log kept upto date with adequate tool descriptions— 
make, model, and serial number—will be of great 
assistance to you in making periodic inventories. 


As a senior petty officer, you may be required 
to make EIGHT O'CLOCK REPORTS. The eight 
o'clock report on the status of the division, is 
taken every night. If the division is not secure, 
the report will then include a description of the 
work in progress, the number of men involved, and 
an estimate as to the time when the division will 
be secure. You will make your report either to 
the duty officer of your department or, in his 
absence, directly to the command duty officer. 

For further information on Navy records and 
reports refer to the NavShips Technical Manual, 
chapter 9004(6). 


CARE OF TOOLS AND EQUIPMENT 


Orderliness is a prime essential of good shop 
operation. There must be a place for every tool 
and each tool must be returned to its place after 
use. By seeing that this practice is observed, the 
men under your supervision will be able to find 
any tool at any time, without wasted effort. 

In a foundry, cleanliness, like orderliness, 
is a very important factor. If tools are to serve 
their purpose most satisfactorily, they should be 
wiped with a cloth containing light oil after they 
have been used. A good example of this is a double 
ender not used for a prolonged period of time. The 
tool will rust and therefore require repairs to 
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remove pitted areas and rust. Other tools ofbare 
metal that are subject to rust should be wiped with 
oil once a week. 

An untidy shop is an unsafe shop. For this 
reason it is important that tools, machinery, 
workbenches, and floorspaces be kept clean. 
Greasy and oily rags are fire hazards. Spilled 
oil on benches and decks may cause serious in- 
jury. All equipment should be checked, and when 
required make sure that guards are installed to 
prevent accidents from moving parts. 

Operating instructions and safety precautions 
should be posted at each machine. It is good 
engineering practice to comply with all the re- 
quirements listed in the operating instructions 
and safety precautions. 


Shop Housekeeping 


Generally, you can give the foundry one good 
look and tell whether it’s efficient and well run. 
Just make a quick survey for cleanliness, neat 
tool and stock stowage, and the condition of equip- 
ment. If such a survey reveals a high quality 
of housekeeping, it can also be assumed that the 
foundry is well organized and really turns out 
the work. 

Materials and supplies such as flasks, mold 
jackets, bottom boards, rammers, clamps, sands, 
binders, ingots, scrap metals, and electrodes must 
be stored in a convenient, secure, and orderly 
place. Arrange cabinets, shelves, bins, and racks 
in the shop to give the greatest possible amount of 
free working space. 

The stowage facilities must have adequate pro- 
| vision for ''securing for sea.” Metal stowage 
racks for ingots and scrap metals must be lashed 
down to avoid shifting of gear when at sea. You 
can use padeyes, turnbuckles, wedges, bars, and 
. C-clamps to accomplish this purpose. 

If shop space permits and sufficient tools are 
available, each molder should have his own tool- 
box in which he can keep the tools that are ordi- 
narily used. Tools of this type would include such 
as trowels, double enders, and lifters. Besides 
speeding up production of work, this method of 
stowage will provide better care and cleanliness 
of handtools. 

Particularly valuable and hard-to-get tools 
should be kept locked in special lockers, drawers, 
cabinets, or toolboxes. Tools included in this 
group are portable power tools, gages, pliers, 
wrenches, files, and drills. 

Good housekeeping requires that bench tops, 
power equipment, and decks be kept clear of un- 
necessary tools, materials, and oil or grease. 
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Maintenance 


As a Molder, you may be assigned to a tender 
or repair ship or to various shore installations. 
Your work will depend to a large extent on 
your assignment. For example, on a repair ship 
or tender, you may run a specific class foundry 
(A, B, C, D, or E). Classes A, B, C, D, and E 
represent foundries designed for five types of 
service differentiated on the basis of equipment 
and capacity to cast a particular kind or volume 
of metal. Due to variations within a class, the 
type of equipment allowance for a specific ship 
will be determined by its intended service, asin- 
dicated in the ship's specifications. A knowledge 
of the capacity and heat output of the furnaces 
aboard your ship or station will enable youto de- 
termine the maximum weight casting of a certain 
alloy that can be produced. Table 2-1 shows the 
maximum weights of various metals that can be 
cast in each foundry class. 

Repair ships, tenders, and shore installations 
have different types of equipment; therefore, you 
will have to know and be responsible for the 
preservation, maintenance, repair of equipment 
that has been set up in your shop. Misuse of shop 
equipment—exceeding capacities, improper op- 
eration, haphazard lubrication, incorrect adjust- 
ments, and allowing rust to accumulate—will 
shorten the life of the equipment. 

Assign one of your leading petty officers to 
supervise the lubrication and maintenance of all 
shop equipment as outlined in the Planned Main- 
tenance Subsystem. This man must understand 
the importance of his task and the bearing his 
job has on the efficiency of the shop. Lubricating 
charts are provided with each piece of equipment 
and these charts should be used to ensure adequate 
lubrication. 

Control over rust and corrosion will be a major 
problem. There will be rust-film trouble in all 
climates, but more frequently in the tropics 
because of humidity (moisture). All bare metal 
surfaces should be kept clean and bright, and a 
light coat of oil should be applied to protect them. 
The rust-prevention program should be a part 
of your daily cleanup routine. Using an approved 
rust-preventive compound will help prevent rust- 
ing of decks andbare metal sufaces and machinery 
parts. 

Carelessness in operation of foundry equip- 
ment will cause you many production headaches. 
Machines are designed to do specific jobs. Ex- 
ceeding rated capacity of a sand muller, for ex- 
ample, can cause damage to vital parts of the 
equipment and the results would be improper 
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Table 2 -1.— Maximum Weights of Various Metals that Can Be Cast (lbs). 


Foundry Steel Cust ron Brass and 
Class Bronze 
A | so | 80  — 
s | soo | woo 
° 
D Limited 
amount 
where 
additional 
air is 
available 
for higher 
heat output 
E 
melted but 





*On a limited basis 


mixture of sand, plus the equipment down time. 
One of your jobs, as an ML1 or MLC, will be to 
enforce proper working procedures on foundry 
equipment; therefore, you should know the proper 
operating procedure of every piece of equipment 
in the shop. 


Proper care and maintenance of material, 
tools, and equipment are closely related to ef- 
ficient, safe, and economic operation of the 
foundry. If the supervisor is negligent in main- 
taining an orderly shop or in training his men 
in the correct care and use of tools, materials, 
and equipment, it is very probable that accident, 
waste, and delay will result. In order to carry 
out your duties as a supervisor, you must see 
that men are qualified to operate a piece of equip- 
ment before they are allowed to run it without 
supervision. 


The shop supervisor should observe the follow- 
ing rules relative to the care of materials, tools, 
and equipment: 


1. Know what tools should be used for each job. 
2. Know how each tool and piece of equipment 


should be used. 
3. Know the hazards involved in the use of 


each tool and piece of equipment. 


Low 
Temperature Zinc 
200 
200 
200 
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4. Know the operational procedure and the load 
limits of each machine. 

5. Know the characteristics of the material 
to be used. 

6. Train each man in the proper use and care 
of tools and equipment, in the correct operation of 
machines, and in the proper care and handling of 
materials. 

7. Inspect the tools, equipment, and materials 
in use. 


Inventory of Tools and Equipment 


One of the jobs of the supervisor of a foundry 
is to maintain a system of accountability for 
valuable tools and equipment. He should see 
that custody cards are made out for tools and 
equipment requiring custody signatures. These 
include such items as furnaces, sand muller, 
steel flash, snap flask, moisture tellers, portable 
power tools, gages, and special sets of handtools. 
Tools which are of a highly pilferable nature 
should be accounted for by inventory at regular 
intervals. 

In making a complete inventory of tools and 
equipment, the Coordinated Shipboard Allowance 
List (COSAL) is used. The COSAL is the official 
source which contains the allowance of machinery, 
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equipment, accessories, tools, and repair parts 
furnished the foundry. A detailed description of the 


COSAL is given in Military Requirements for 
Petty Officer 3 & 2, NavPers 10056-B. 


Safety Precautions 


Founding or foundry practice has often been 
thought of as a hazardous trade. Some of the 
hazards can be reduced by placing safety guards 
on and around moving machinery. Although Nav- 
Ships has considered safety factors in laying out 
the shop, it is still your direct responsibility 
to maintain safe practices within the shop. You 
can also prevent accidents by instituting a program 
of good housekeeping. However, the maintenance 
of a clean, orderly shop and the use of safety 
guards are only partial solutions to the problem. 
You must alsoconsider the human factors involved 
in safety and recognize the tendency of some men 
to consider any information about safety as more 
of the same old stuff. 


Know your men, their attitudes toward safety, 
their work habits, and their physical and emotional 
condition, Individuals have many ideas about 
safety. There are those who have the notion that 
*faccidents only happen to the other fellow." 
Some people believe in the fatalistic idea that an 
accident is ‘‘an act of God?! and nothing can be 
done about it. Others feel that playing it safe is 
being a ‘‘sissy.’’ Still others think that a certain 
number of accidents are bound to occur no matter 
what is done. They believe accidents are the price 
of progress. You must plan your safety program 
to break down these false notions and to build up 
the attitude that accidents ARE PREVENTABLE, 


Recognize the fact that it is human for all of 
us to have temporary lapses. You have probably 
heard these words: *I don't need the safety 
goggles; I only want to use the grinder a second.” 
It is always that ‘‘one second"! that seems to cause 
all the trouble. Your safety program must be con- 
tinuous in order to counteract these temporary 
lapses. Encourage your crew to be safety con- 
scious at all times and soon safe work habits will 
become second nature. 


Teach safety by practicing safety. Set the 
example for your men to follow. Remember that 
= personnel in sickbay are ofnouseto you in getting 
a repair job completed on schedule. The observ- 
ance of safety precautions is a matter of good 
common sense and cannot be overemphasized. 
Provide a training program to safeguard your 
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personnel in the never ending war against acci- 
dents. There is no magic formula that will pro- 
duce a successful safety program. Each shop and 
each job has its own peculiar problems. You 
must study your men, materials, tools, and 
equipment. Locate the danger spots and provide 
adequate guards, signs, and operating instructions 
for machines and tools. Safety cannot be taught 
by a list of ‘‘do’s and don’ts’’? alone. You must 
put these measures into use until they become an 
integral part of your work habits and the work 
habits of your men. 


The following are some precautionary meas- 
ures that must be observed in order to avoid 
accidents: 


1. Do not permit unauthorized personnel to 
operate the machines. 

2. Maintain all equipment in sound working 
condition. Keep cutting tools well sharpened, 
moving parts on machines lubricated, safety 
guards in place, and working area clear before 
operating any machinery. 

3. Insist on the operation of equipment within 
the range of its capacity. 

4. Equip your shop with nonskid footing in all 
the critical areas. 

o. Make your motto, “A clean shop is a safe 
shop.? 

6. Insist on the use of proper safety clothing, 
shoes, gloves, goggles, or respirators when re- 
quired by special jobs. 

7. Do not allow your men to obstruct passage- 
ways or access to firemain valves, steam lines, 
drains, electric outlets, and ventilation ducts. 

8. Do not permit any horseplay inthe foundry. 

9. Set up a training course to train all shop 
personnel in the proper use and care of all 
machinery and handtools. Teach your men safety 
measures and rules such as the following: 


a. Use a vise, not your hands, to hold 

work. 

Keep your hands out of the direct line 

of sharp-end tools. 

Keep oily rags and waste in a special 

container for that purpose. 

. Avoid bumping into a person whois using 
a sharp tool. 

. Help one another when working with long 

or heavy stock. 

Never close a switch without knowing 

the electrical circuit it controls. 

. Immediately report any injury no.matter 
how slight. 


b. 


C. 
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PLANNING THE WORK 


The foundry supervisor, with the assistance of 
his leading petty officers, must plan each phase 
of each job that is assigned to his shop. The 
planning of the days work must include the lead 
jobs, the assist (supplementary) jobs from other 
repair shops, the routine upkeep and maintenance, 
and nonproductive work such as working parties. 
Lack of good planning will usually result in con- 
fusion, delay, and sometimes failure to meet 
the commitments ofthe shop. The supervisor must 
plan for the coordinating of the various steps in 
the work. This involves consideration of available 
manpower, equipment, materials, and the work- 
load of the other repair shops. 
= Planning does not stop in the foundry. The 
repair officer must know how many productive 
man-hours are to be available for repair work, 
during a specific availability, to enable him to 
know how much work can be accepted during that 
period of time. This is where estimating comes 
into the picture. The shop supervisor must have 
the ability to give an accurate estimate of the 
time that each of the jobs assigned to his shop 
will consume. To do this, he will rely heavily 
on his past experience and the experience of 
his leading petty officers. He must also estimate 
the nonproductive man-hours that will be required 
to meet his shop’s obligations to provide for 
working parties, mess cooks, special liberty, etc. 

In planning the work, the capabilities of the 
men must be considered. Assigning an inexper- 
ienced man to a difficult job requires that an ex- 
perienced man be on hand to give direct super- 
vision at all times. If the work load of the shop 
is light, this is a good training opportunity. 
However, if the shop has a heavy workload the 
inexperienced man would be of more value as- 
signed to a job requiring skills more in line with 
his experience. 

Another question to be answeredis the number 
of men required to accomplish the job. Too many 
men working on the same piece of equipment 
is sometimes worse than not enough. Each job 
will have to be analyzed step by step and then 
the required number of men assigned. 

Still another factor that must be considered 
is the necessary materials to accomplish the 
needed repairs. What kind of materials, how much 
is needed, where is it obtainable, and how much 
time will be taken to obtain it, are all questions 
that must be given much consideration. Possibly 
the material called for in the blueprint is no 
longer available. The research required in finding 


all must be considered by the supervisor of the 
foundry. 

There are some materials that can be kept 
in the foundry in sufficient quantities to avoid 
delay caused by frequent trips to the issue room. 
These are the frequently used items such as 
brass, bronze, iron, monel, tin, zinc, and lead. 
For some items a 30-day supply is adequate; for 
other items a 90-day supply may be necessary. 

Usually, the ML1 or MLC will know from 
experience where each item is in the shop; 
he keeps his locator file in his head. He should 
also attach a list of the contents to each drawer 
or cabinet so that the rest of the men in the 
shop will also know where things are stowed. 
Remember the importance of good housekeeping 
in getting the work out. Have a place for every- 
thing and keep everything in place. 

Estimating the amount of time and material 
required to complete a job is your responsibil- 


ity. Unless youcan accurately estimate the amount 


and kind of materials required by your shop, you 
will be short some items when you need them, 
or find your shop cluttered with items you do not 
need. A high inventory level of slow moving ma- 
terial ties up your funds that might be used to 
better advantage. Remember that running a shop 
is like running a business; you must operate 
within the budget. Much of the guesswork in 
estimating can be eliminated if you make proper 
use of your records of material expended during 
the previous quarter. Include the amount of ma- 
terial required for any special work which you 
know is to be done during the period for which 
you are estimating. Plan and place your orders 
for material in advance with the supply officer 
through the division officer or department head. 
Do not bypass any of the normal supply channels 
of authority. 


Inventory levels for most GSM are maintained 
by the supply department. Aboard some repair 


. ships or tenders, the ML1 or MLC will assist 


a suitable substitute takes time. These factors ` 


19 


the supply officer in maintaining the inventory 
on metal ingots. Usually a high limit will be kept 
on hand. Before the low limit is reached, the 
Molder will initiate requests for material (usually 
on a monthly basis) to replenish stock and to 
maintain the high limit supply. In reordering, 
take into consideration the rate of use, the 
balance on hand, and the expected delay in ship- 
ment and delivery. 


Information concerning the procurement, cus- 
tody, and inventory of repair parts and other 


supplies is in Military Requirements for Petty 
Officer 1 & C, NavPers 10057-B and in Military 
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Requirements for Petty Officer 3 & 2, NavPers 
10056-B. 


Laying-Out and Assigning Work 


The assignment of work changes constantly 
according to the amount and type of work being 
done in the shop. When the workload is light, 
the less experienced men may be assigned to a 
complicated job under the supervision of an 


experienced petty officer. When the workload is 


heavy the most experienced men will have to be 
assigned to the complicated jobs and to those 
jobs that are of an urgent nature. At times, re- 
assignment of work must be made to prevent de- 
lays, to accomplish added new work, or to expedite 
emergency jobs. Distribute and rotate work as- 
signments so that there will always be two or 
more men in the shop who are familiar with all 
aspects of each type of job. In this way, work 
will not stop when one of the men is on watch 
or on liberty. 


Information on Incoming Jobs 


Job orders generally will be received in the 
shop several days in advance of the work. The 
shop supervisor should start his planning as soon 
as possible to gain an advantage of time. Jobs 
that have been done before may be plannedin such 
a manner to assure that the pattern is in stock 
and the metal is available for producing the cast- 
ing. In other words, what equipment and materials 
are needed to accomplish the job? Materials and 
equipment should be provided for in the early 
stage of planning in order to accomplish the job 
on schedule. Usually the activity requesting the 
work will provide the plans or blueprints along 
with the job order. The technical library aboard 
your ship can also provide the necessary blue- 
prints for the job at hand. Atthis stage of planning, 
it may be necessary to hold a production confer- 
ence, This is where problems are solved for all 
shops concerned on how the pattern and casting 
are to be manufactured. Production planning is 
discussed in detail in chapter 5 of this training 
course, 


Priority of Jobs 


In planning and scheduling workinthe foundry, 
you will have to give careful consideration to the 


. priority of each job order. Priorities are generally 
. classified as urgent, routine, or deferred. 


Deferred jobs do not present much of a prob- 


| lem, as they are usually accomplished when the 
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workload of the shop is light and there are few 
jobs of a higher priority to be done. 

The majority of job orders will have the 
routine priority assigned to them. Routine jobs 
make up the normal workload of the shop, 
and must be carefully planned and scheduled so 
that the daily organization and production can be 
maintained at a high standard. The shop supervisor 
reviews each job order with the division officer 
and they work out the order in whichthe jobs will 
be accomplished. In doing so, sometimes it is 
desirable to complete a number of small jobs 
before assigning a large number of shop personnel 
to a single major job; on other occasions, it may 
be more efficient to reverse this sequence. As the 
work proceeds, additional conferences and re- 
scheduling of the workload may be required. The 
men are assigned new jobs as soon as they com- 
plete current work. 

Urgent priority jobs require immediate plan- 
ning and scheduling. Other jobs, of lower priority, 
may have to be set aside so that urgent jobs 
can be accomplished. Attimes it may be necessary 
to assign men to a night shift so that urgent jobs 
can be completed on time. 


Scheduling of Work 


The main object in planned scheduling of work 
is to have the work flow smoothly and to have the 
next job ready to start without delay, since lost 
time between jobs lowers the overall efficiency 
of the shop. Because of the variety of jobs which 
you and your men will be required to perform, 
work schedules must be prepared to make sure 
that all work is completed on time. In all cases, 
work schedules must be coordinated with the plan 
of the day (issued by the executive officer) which 
sets the time and sequence of routine work, drills, 
inspections, and liberty, for the guidance of of- 
ficers and men. In addition, the work schedules 
must be flexible enough to adapt to changes in 
priorities, transfer of personnel, temporary 
breakdowns of equipment, unscheduled ship drills, 
or any other emergency that may come up from 
time to time. 

Experience, judgment, and foresight are re- 
quired to maintain an organized scheduling of work 
in a foundry, in order to get the numerous jobs 
finished at their respective times. 


ESTIMATING TIME FOR A JOB 
From time to time, you, the leading petty 


officer in charge of the foundry will be called 
upon to furnish the division officer, and in many 
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cases the repair officer, with an estimate of the 
time necessary to accomplish a certain job. 
“How long will it take?” is a routine question 
asked by personnel bringing material to the shop. 

For most of the routine jobs coming into 
the shop, or being processed by the shop, the 
leading petty officer may give a quick estimate 
of the probable time of completion. There is 
generally no necessity for completing routine jobs 
within any set time, and no need for extreme 
accuracy in estimating the required time. 

However, for an urgent job—if a last minute 
job comes up near the end of the availability 
for a ship alongside the tender, for example, or 
if a ship in port for a day or two requires an 
urgent job before starting out to sea—the time 
required may be an important consideration. The 
time estimate must be accurate in such cases, 
to avoid the waste which would result from starting 
a job which could not be completed. Frequently 
the final decision will be made by the leading petty 
officer in charge because of his experience, 
his knowledge of the current workload, and his 
knowledge of the men and machines in the shop. 
Using this information, considering things that 
may go wrong, he should be able to give a fairly 
accurate estimate of the time required to do a 
certain job. 

There is no set rule for estimating the time 
and material required in the manufacture of a 
casting. Although many types of jobs are re- 
peatedly done in the shop, each job requires 
separate investigation and estimates of work and 
time. 

Experience teaches things that may go wrong 
when doing a job. An experienced petty officer can 
avoid many of the difficulties that may arise in 
performing work. When planning and estimating 
a job, the possible difficulties that may arise 
should be carefully considered and extra time 
should be allowed for them. 

It is easier to avoid mistakes and delays if 
you have sufficient information before starting 
the job, and a clear idea of the total amount of 
work that will be required. Adequate blueprints 
or other drawings should be on hand. 

In estimating from either a blueprint or from 
a worn part, the molder must decide on the 
type of pattern to be constructed. This willusually 
depend upon the number of castings required and 
the urgency of the job. If a large number of 
castings are required, it may be desirable to 
recommend a match plate construction to the 
patternmaker. This will enable you to produce a 
large number of castingsinashort period of time. 
On the other hand, if only one casting is to be 
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manufactured, then a simple loose piece pattern 
may be in order, 

The ML1 or MLC must know the caliber of 
the men in his shop and their degree of skill 
before he can properly estimate how long it 
will take them to complete a particular part of 
the project. The method of figuring out the actual 
number of hours or days required to do a certain 
job depends a great deal upon the individual 
concerned and on his experience. Any method that 
produces the required results is a good one. One 
method is to use prepared CHECKOFF sheets or 
work sheets, whichlistthe various phases and fac- 
tors that are frequently considered in estimating 
time for job completion. From the information 
available on such sheets, itis possible to estimate 
the total time required to complete a job by (1) di- 
viding the total job into phases or steps of work to 
be done, (2) making separate estimates of the time 
required for each step, and (3) adding these esti- 
mates to obtain the total time. The accompanying 
work sheet is a sample form used in the foundry 
to estimate job completion requirements. 

See page 22— Sample Estimating Work Sheet 
For The Foundry. 


MATERIAL AND COST ESTIMATIONS 


The material used for a specific job will 
normally be determined from specifications or 
plans. If the material is not specified, the foundry 
supervisor decides what is needed and selects 
the material. This decision should be based on 
the purpose of the structure or object, and the 
conditions that it will meet in service. 

There are several methods for estimating the 
amount of material needed for a given job. One 
method is to refer to your record book for 
repeated jobs. Another method is to determine 
the volume of the pattern involved and multiply 
that result by the weight of a specific metal per 
cubic inch. Then make allowances for gates and 
risers. Still another method would be to weigh 
the pattern (provided it is a solid construction 
without cores) and multiply that weight by the 
constant value given for aspecific metal and make 
allowances for gates and risers. Finally, if the 
old casting is available, you can weigh the old 
casting and make allowances for gates and risers. 

Now that you have the amount of metals re- 
quired, its only a matter of checking the cost 
of new metal per pound in order to estimate the 
total cost per job. Information on calculating the 
weight of castings is provided in Molder 3 & 2, 
NavPers 10584-B. 
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ESTIMATING WORK SHEET FOR THE FOUNDRY 


(SAMPLE) 
Hours 
Operations estimated 
1. Preparing the melt 
(a) Calculating the charge .......... T 
(b Working the heat-. Ed wo Sis Meat ss "n 


2, Making the mold 


(a Preparing the sand and flask equipment ........... e +< + e ç ç ° rrr 


(b Ramming bench, floor, or machine molds ................. um 
(c) Making the cores . . . . . . . . . . $ed dr S 
(d) Installing gates, risers, chills, chaplets, etc. . . . ........ + + <s -— % 


(e) Baking the molds and cores. . . . .... 24.4 t t tmn 


3. Pouring the molds 


(a Preparations for pouring, safety precautions. . . . . . . < s s + + s s * “ ° — 
(b) Cooling time. @ e ° e e e e e e e ° L4 . € ° e e e e e kd e e 


4, Shaking out the casting and reclaiming the sand. . . . . . 4444 ees 


9. Cleaning the casting 


(a) Sand blasting or wire brushing . ...... 2 2 sç s e e cec ett n n 

(b Sawing, chipping, grinding, or gas cutting . ........-- eer ° ° e 
(The following operations may be accomplished by Shipfitters in the 
blacksmith shop rather than in the foundry.) 


5, -Heat treating the: casting ;¿ u u x 9x39 nnet aana W do GS Ss hw eH: d 
7. Welding or brazing . . ........ PPP umIE 
8. Inspecting and metal testing. . . ...... .... 


Total e e e e e e e e e e @ e e e e e e e *@° e e e e e e e e e e e e e e e e e e LÀ e. e 
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SUPERVISING SHOP WORK 


One of the most important duties of a First 
Class or Chief Molder is that of supervising the 
work in the foundry. The supervisor must instruct 
shop personnel concerning the different jobs which 
have to be done; he must check on the progress 
of the work, and give additional advice or instruc- 
tions when necessary; and he should check the 
completed job to seethat it has been done properly 
and in accordance with his instructions. 

After the supervisor ofthe foundry has obtained 
complete information on a new job, he must then 
decide who is to do the job. In order to make this 
decision, the supervisor must know what ex- 
perience the men have had with different types of 
castings. Whenever the workload permits, assign 
less qualified personnel to more experienced men 
for training purposes. 


Starting the Job 


The man who is going to make the mold must 
be given detailed information on how the job is 
to be done. The shop supervisor shouldbe careful 
to see that the man fully understands what he 
is going to do, so as to prevent any mistakes due 
to misunderstanding of instructions. The amount of 
instruction depends upon the knowledge and ex- 
perience of the man concerned. If he is an ex- 
perienced man, it may be only necessary to give 
him the pattern or core box and specify the ma- 
terial to be used for making the casting. On the 
other hand, inexperienced men will need additional 
instructions for making the castings. 

Men in the shop should be made to understand 
that they are free to ask questions if they are in 
doubt about any details in doing their assigned 
work. Men will ask questions when they see that 
it is to their advantage to do so. 

In addition to giving instructions on how a job 
is to be done, it is also advisable to give the men 
some information concerningthe importance of the 
job and the reasons for certain specifications for 
the casting. In general, men are interested in why a 
job is done and how it is done, and will usually 
turn out better work ifthey havea clear picture of 
the whole job. 


Checking the Progress of Work 


The assignment of a job is only the first step 
in processing a job through the shop. The super- 
visor of the foundry must know his men. He 
should have a good idea of each man's skill, 
ability, and knowledge regarding the operation 
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of all foundry equipment and molding operations 
necessary to accomplish the work. The best way 
in which the shop supervisor can obtain this know- 
ledge is to inspect the shop frequently and check 
the progress of the various jobs in the shop. 
In that way, the supervisor will have a good idea 
as to which jobs, or which men, will require the 
most checking or inspecting. 

When checking on the progress of work, the 
supervisor should be sure that the men are ob- 
serving proper safety precautions in regard to 
themselves and the equipment that they are oper- 
ating. In addition, the shop supervisor should 
note the quality of work being produced. 


In case of any doubt, the supervisor should 
check that the men understand his instructions 
and are doing the work correctly. If necessary, 
the supervisor should provide additional instruc- 
tions to give a better understanding of the job, 
or to improve workmanship. By frequently talk- 
ing to the men and answering their questions, 
the supervisor can prevent jobs from being 
spolled, as might happen if he were not avail- 
able to give the correct details on the jobs. 
The supervisor who has interest and confidence 
in his men and their work will find that men 
have confidence in him as a good shop super- 
visor. 


Checking on Completed Jobs 


When the job has been completed, the super- 
visor should inspect and approve each and every 
job before the job is released. Inspection is 
necessary to ensure a sound serviceable casting. 
Prior to inspection, all gates, risers, fins, and 
sand should be removed. 

An inspection of a casting is normally ac- 
complished by the visual method. Visual inspec- 
tion will be made to detect obvious defects such 
as blows, scabs, buckles, misruns, spalled areas, 
and mold or core shifts. 

Another method of inspection may be required, 
but is not performed by foundry personnel. This 
method of inspection is known as Nondestructive 
Testing. Nondestructive testing includes radio- 
graphy, liquid-penetrant inspection, magnetic- 
particle inspection and ultrasonic inspection. 
These inspections are normally conducted only 
when blueprints or other specifications require 
this type of inspection. Nondestructive testing will 
detect hairline cracks and internal defects. 


These are some of the things a supervisor 
must consider before the job is written up as 
completed and ready to be removed from the shop. 
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Work should not leave the shop until the super- 
visor and the person receiving it are satisfied 
with the job. The men, as well as the super- 
visor, should take pride in their workmanship. 

The completed job order should show the man- 
hours, the material used, and a full description 
of the work accomplished. In addition, the nec- 
essary shop records and paperwork should be 
correct and up to date. When the job has been 
completed, the interested parties should be 
notified as soon as practicable; completed jobs 
should not be left to accumulate in the shop, 
because some of the items may become mixed up 
or lost. 

Before releasing a completed item, the super- 
visor should check to be certain that (1) the cor- 
rect job order is signed by a representative of 
the requesting activity, (2) the identification on 
the item and on the job order coincide, and (3) 
all manufacturers! technical manuals and blue- 
prints furnished with the job order are returned. 


TRAINING SHOP PERSONNEL 


The first impression formed by a new man 
in the shop will be a lasting one. If the petty 
officer in charge of a foundry has a well-planned 
program for introducing new men to the work in 
the shop, he has taken a most constructive step 
towards building high morale. One of the best 
stimulants for the development of high morale 
among new men is to have them realize that 
their boss appreciates their feeling of strange- 
ness and is aware of their desire to make good. 
There is often a gap between the point at which 
a man is assigned and the time that he has 
developed into a satisfied worker. Proper intro- 
duction to the work, a well-planned training pro- 
gram, and counseling when necessary will turn 
the ill-at-ease man into a confident and interested 
worker. 

The shop supervisor will find it a profitable 
procedure to review with each new man such 
matters as the mission of the ship and how the 
shop fits into the overall picture, the man's rate, 
duties, drills, liberty and leave policy, and 
what is expected of him as an individual. The 
supervisor should be sincerely interested not 
only with getting acquainted with the man but 
in being sympathetic with the problems that may 
arise in getting settled. The initial contact should 
be primarily to win the man’s confidence. The 


supervisor may later turnthe man over to a quali- 
fied petty officer who is capable of completing 
the introduction process and the early training 
that is necessary. Usually, considerable informa- 
tion can be given to the new man by an experienced 
petty officer selected by the supervisor to com- 
plete the introduction period. 

In carrying out his responsibility for introduc- 
ing the new worker to the job, the supervisor 
must do a certain amount of planning if the in- 
structions necessary for the proper indoctrina- 
tion of the new worker are to be carried out 
effectively. 

At this point, it may be well to indicate one 
fundamental difference between the work of a 
supervisor and that of his men. The men work 
with machines and materials, while the super- 
visor works through people to produce the de- 
sired results with the machine and materials. The 
machines may be operating perfectly and the ma- 
terials may be of the best quality, but unless the 
men who handle them are properly instructed, 
adjusted to their work, and cognizant of their 
place in the organization and of the policies of 
the department, they willnotbe satisfied workers. 
The supervisor is responsible for developing high 
morale in his shop. 

The first step in this process is attained by 
properly indoctrinating each new man atthetime 
of his entrance into the work area. There are 
three general areas of indoctrination. 


1. Those dealing with facts, such as the ship- 
board rules and regulations. 

2. Those dealing with the men's attitudes or 
feelings, their confidence in the organization, 
pride in the job, and respect for their fellow work- 
ers. 

3. Those dealing with skills, safe working 
habits, and quality of work. 


To aid in developing men for greater re- 
sponsibilities is everyone's job. Each person 
not only must be receptive to that which helps 
to develop himself, but must also help to develop 
those who assist him in his work. However, the 
petty officer in charge of a foundry as the direct 
responsibility of seeing that all his subordinate 
petty officers understand their work and its 
relation to the function of the foundry so well 
that they automatically teach those who assist 
them. 
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Chapter 3 


MAINTENANCE AND MATERIAL MANAGEMENT 


Maintenance of ships can be divided into two 
broad categories: preventive maintenance and 
corrective maintenance. Preventive maintenance 
consists of routine foundry procedures designed 
to increase the effective life of equipment or 
forewarn of impending troubles. Corrective main- 
tenance includes procedures designed to analyze 
and correct equipment defects and troubles. The 
main objective of the foundry preventive mainten- 
ance is the prevention of breakdown, deterioration, 
and malfunction of equipment. If, however, this 
objective is not reached, the alternative objective 
of repairing or replacing failed equipment— 
corrective maintenance—must be accomplished. 


All maintenance can be classified according to 
level, based on where it is accomplished. The 
two levels of accomplishment that concern you as 
a shop supervisor are organizational (ships) and 
intermediate (repair ships and tenders) levels. A 
third level of maintenance is ‘‘depot’’ (shipyards, 
Navy and civilian); this level is not discussed in 
this chapter. The term organizational level main- 
tenance applies to those maintenance functions 
normally performed by an operating ship on a 
day-to-day basis in support of its own operations. 
Maintenance performed by departments other than 
the repair department of a repair ship or tender 
is considered to be atthe organization level. When 
you perform preventive or corrective mainten- 
ance on a piece of foundry equipment, it is con- 
sidered organizational level maintenance. Organi- 
zational level work generally includes: (1) 
preventive maintenance, (2) corrective mainten- 
ance, (3) applicable ships alterations, field 
changes, and other equipment modifications, and 
(4) recordkeeping and reporting peculiar to or- 
ganizational level maintenance. 


The term intermediate maintenance applies 
to those maintenance functions normally perform- 
ed by repair ships and tenders incompliance with 
a work request. The primary purpose of the inter- 
mediate level maintenance activity is to support 
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and supplement the work performed at the organi- 
zational level. Intermediate maintenance gener- 
ally includes: (1) repair and test of equipment 
requiring skills and/or equipment not available 
at the organizational level, (2) ship alterations 
and field changes beyond the capability of the 
organizational level, and (3) recordkeeping and 
reporting peculiar to intermediate levelmainten- 
ance. 

The foundry’s preventive maintenance pro- 
grams in the past have varied from one command 
to another, resulting in various degrees of opera- 
tional readiness. A relatively new uniform system 
of scheduling, recording, reporting, and managing 
ship maintenance is now in use. This system is 
called the Standard Navy Maintenance and Material 
Management (3-M) System; and it is designed to 
upgrade the operational readiness of ships. 

The 3-M System is not to be considered a 
‘‘cure-all’’ for all equipment and maintenance 
problems. The system does, however, provide a 
logical, efficient approach to these problems by 
launching a forthright attack on electrical, 
mechanical, and electronic disorders. The system 
also produces a large reservoir of knowledge 
about equipment disorders, which, when fed back 
to the appropriate sources, should result in cor- 
rective steps to prevent recurrences. 

The 3-M System consists primarily ofa Plan- 
ned Maintenance Subsystem (PMS) which provides 
a uniform system of planned, preventive mainten- 
ance; and a Maintenance Data Collection Sub- 
system (MDCS) which provides a means of collect- 
ing necessary maintenance and supply data, suit- 
able for rapid machine processing. A Manhour 
Accounting System, also called Exception Time 
Accounting (ETA), is installed in the repair 
department of repair type ships in conjunction 
with the MDCS. In addition to the above, Material 
Control—control of materials required in direct 
support of maintenance actions accomplished 
under the 3-M System—may be installed. 

The 3-M System, like any other system or 
program, is only as good as the personnel who 
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make it work. Your role in the system as a POI 
or CPO will include the training of lower rated 
personnel in its use, as well as the scheduling 
and supervision of maintenance. General infor- 
mation concerning all aspects of the system is 
included in this chapter but as a leading petty 
officer, you should keep abreast of new develop- 
ments and changes to the system. Details on the 
system and changes related to it are available 
in the Maintenance and Material Management 
(3-M) Manual, OPNAV 43P2 (revised). Other 
sources of information include OPNAV Instruction 


4700.16 (revised), the Naval Ship Systems Com- 


mand Technical News, and directives issued by 
type commanders. 


SCHEDULING OF PLANNED MAINTENANCE 


The planning and scheduling of planned main- 
tenance is accomplished through the Planned 
Maintenance Subsystem (PMS). In addition, the 
PMS defines the minimum preventive maintenance 
required, controls its performance, describes the 
methods and tools to be used, and aids in the pre- 
vention and detection of impending casualties. 
These factors should prove to be a definite asset 
to the leading petty officer in forecasting future 
material requirements and in the proper utiliza- 
tion of available manpower. 


In establishing the minimum planned mainten- 
ance requirements for each piece of equipment, 
the Naval Ships Technical Manua], manufacturers' 
technical manuals, and applicable drawings are 
critically examined. If the preventive maintenance 
requirements are found to be unrealistic or un- 
clear, they are modified or revised before being 
incorporated into the PMS. 


It is possible that the planned maintenance 
prescribed in the PMS may conflict with that 
prescribed in other documents such as the Naval 
Ships Technical Manual. Should this happen, the 
PMS supersedes and takes precedence over any 
and all documentation that may be in conflict 
with it. All tests, inspections, and planned main- 
tenance actions should ultimately be incorporated 
in the PMS. 





The Planned Maintenance Subsystem is based 
upon the proper utilization of Planned Maintenance 
System Manuals, Maintenance Requirement Cards 
(MRCs), and schedules for the accomplishment 
of planned maintenance actions. 
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THE PLANNED MAINTENANCE 
SUBSYSTEM MANUAL 


The Planned Maintenance Subsystem Manual 
contains the minimum planned maintenance re- 
quirements for each component installed for 
a particular shipboard department. A separate 
PMS Manual is furnished for each department. 
This manual is retained by the department head 
and used in scheduling maintenance tasks. Applic- 
able portions of the manual are made up for each 
maintenance group and are located in the work 
spaces for use by the leading petty officers in 
preparing their weekly schedule. The manuals are 
individually compiled for each ship, thereby 
assuring a tailored system. The manual consists of 
a list of effective pages showing the equipment 
covered by this system; Maintenance Index Pages 
summarizing all the planned maintenance pre- 
scribed for each piece of equipment along withthe ` 
rates and time required to accomplish these 
tasks and any related maintenance that can be 
accomplished concurrently; and a listing of equip- 
ment for which no maintenance is required. In 
addition, the Maintenance Index Pages (MIPs) list 
the frequency of performance. The frequency code 
is: 


D - Daily 

W- Weekly 

M- Monthly 

Q - Quarterly 

S - Semiannually 

C - Once each overhaul cycle 

R-Situation requirement (e.g. 100 hours of 
operation) 


Sample Maintenance Index Pages (OPNAV Form 
4700-3) are shown in figure 3-1. The samples 
shown are for a typical foundry aboard a sub- 
marine tender. 

The manpower available will vary from one 
ship to another; therefore, the information found 
on the MIPs regarding rates recommended to per- 
form a maintenance task and the average time 
required for the task requires certain clarifica- 
tion. The maintenance tasks are actually per- 
formed by personnel available and capable, re- 
gardless of what rating is listed on the MIP. 
The average time required, as listed on the MIP, 
does not take into account the time required to 
assemble the tools and materials to do the main- 
tenance action nor the time required to clean the 
area and put away the tools at the end of the task. 

That portion of the PMS Manual which contains 
the Maintenance Index Pages applicable to the 
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DATE 
15 Dec 1965 


System, Subsystem, or Component Reference Publications 


Foundation Bolts 





9 Bureau Card Rate Rel ated 
ot RE |o m oe Req'd ms mm. 


e | = 97 | 54550]A| 1. Sound and tighten foundation bolts. A-1 FN 0.1 None 


System, Subsystem, or Component Reference Publications a Dec 1965 


Grinders and Buffers 





Bureau Card D. Mew i ins Reai ^ Rote Rel oted 
Control No. eene e ia Req'd Maintenance 





MAINTENANCE INDEX PAGE P N-4/1-C5 
OPNAV FORM 4700-3 (7/65) BUREAU PAGE CONTROL NUMBER 










DATE 
15 Dec 1965 







System, Subsystem, er Component Reference Publicatiens 





Sand Muller 


wm [o [x [m [= |=. 
e aos] ss [lis ee to ane ros [ms [ot e _ 


OO sx wadi Ronee Seu A Want ullu 


MAINTENANCE INDEX PAGE 
OPNAV FORM 4700-3 (7/65) BUREAU PAGE CONTROL NUMBER N-40/1-C5 


System, Subsystem, or Component Reference Publications ue Dec 1965 


Core Baking Oven 


B Card Rot Rel ated 
Control No. | R00 | % Req'd em abit 
cs 210 fop. Lubricate hinge assemblies. Qa bom jor | None — 


MAINTENANCE INDEX PAGE B P 
OPHAV FORM 000 S (2 05) UREAU PAGE CONTROL NUMBER N-39/1-C5 








MAINTENANCE INDEX PAGE 


OPNAV FORM 4700-3 (7/65) BUREAU PAGE CONTROL NUMBER N-1/1-C5 


98.171 
Figure 3-1.— Maintenance Index Pages. 
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equipment under a specific division or mainten- 
ance group is called the Group Maintenance 
Manual. À copy of the Group Maintenance Manual, 
in addition to the one in the departmental PMS 
Manual, is kept in each working space as a ready 
reference to maintenance personnel. 


CYCLE SCHEDULE 


Through the use of a cycle schedule (fig. 3-2), 
the Planned Maintenance Subsystem is designed 
to simplify the scheduling of planned maintenance. 
The flexibility of the system will become obvious 
as we go along. Notice that the cycle schedule 
depicted prescribes the quarter in which the 
maintenance task is to be accomplished as op- 
posed to specifying a specific month, week, or 
day. All required planned maintenance actions 
are programmed throughout the overhaul cycle 
of a ship. It then becomes apparent that the sys- 
tem is flexible enough to readily accommodate 
any changes in a ship's employment schedule. 


The cycle schedule contains a list of the 
components for each division or maintenance 
group and indicates the quarter after overhaul in 
which the semiannual, annual, and overhaul cycle 
maintenance requirements are to be scheduled. 
The cycle schedule also lists the quarterly, 
monthly, and situation requirements that must be 
scheduled every quarter. The department head, in 


. conjunction with division officers and leading 


petty officers, uses the cycle schedule in making 
out the quarterly schedule. 


By definition, the day a ship leaves the ship- 
yard is considered to be in the first quarter 
after overhaul. This day could conceivably be 
near the end of the quarter. À ship is not nec- 
essarily expected to perform all of the planned 
maintenànce listed for the first quarter after 
overhaul, but the amount performed must be in 
proportion to the time remaining in that particu- 
lar quarter. The steps to follow in using the 
cycle schedule can best be explained by refer- 
ence to figure 3-2. Consider, for example, the 
planned maintenance required for the foundation 


bolts for foundry equipment, core baking oven, 
and the sand muller. As indicated on the cycle 
schedule, a short description of the maintenance 
required may be found on pages N-1, N-39, and 
N-40 of the PMS Manual. Fromthe cycle schedule 
it is apparent that the maintenance must be 
scheduled as follows: 
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Equipment Page N-1 A-1--4th, 8th, and 12th 
quarters after overhaul 

Equipment Page N-39 Q-1--Must be scheduled 
each quarter after overhaul 

Equipment Page N-40 A-1--4th, 8th, and 12th 
quarters after overhaul 


QUARTERLY SCHEDULE 


The quarterly schedule (fig. 3-3) is a visual 
display consisting of two identical quarterly 
schedule forms, one for the current quarter 
(October, November, and December) and one for 
the subsequent quarter (not shown). The cycle 
schedule and both quarterly schedule forms are 
contained in the same display holder, and cor- 
respond line for line. The entire display is called 
the Maintenance Control Board. The Maintenance 
Control Board is usually mounted outside the 
department head’s office or division space desig- 
nated by the repair officer. 

The quarterly schedule has thirteen columns, 
one for each week in the quarter, for the sched- 
uling of maintenance throughout the 3-month 
period. Each of the weeks is divided into days 
by tick marks (see fig. 3-3) to depict more 
accurately the operating schedule, thus allowing 
maintenance requirements to be scheduled in 
conjunction with ship operations. 

A suggested procedure for the preparation 
of a quarterly planned maintenance schedule is 
to first black out the dates which the ship is 
expected to be underway during the quarter, 
then with the aid of the cycle schedule and the 
PMS Manual, fill out the quarterly schedule 
accordingly. Monthly planned maintenance re- 
quirements should be scheduled at approximately 
the same time each month and other planned 
maintenance actions should be scheduled at equal 
intervals insofar as practical. After the quarterly 
schedule is completely filled in, it is a good 
practice to look it over closely to see if the 
work load is balanced throughout the quarter. If 
there appears to be less work scheduled during 
one week of the quarter than the others, some 
of the maintenance requirements should be re- 
scheduled to balance the'work load throughout 
the quarter. 

The quarterly schedule is updated weekly. The 
leading petty officer of the division or mainten- 
ance group will cross out all maintenance re- 
quirements which have been accomplished and 
will circle all requirements which have not been 
accomplished. All circled requirements are re- 
scheduled by drawing an arrow to a later week 
as indicated in figure 3-3. 
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GROUP _— _ _ WORK SCHEDULE FOR WEEK OF 8 oc 


COMPONENT RESPONSIBILITY PAGE MONDAY TUESDAY | WEDNESDAY |THURSDAY| FRIDAY SAT SUN pel ECKS DUE IN NEXT 4 WEEKS 
| EQONDATION EPUNDATION | MARSHALL | 
CORE BAKING p 
mam LL I e 
GRINDER € NE E W- 
BUFFER MONES — à 
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Figure 3-4. — Weekly Schedule. 


The quarterly schedule is kept on board as 
a record of all completed maintenance actions. 
This record may be destroyed at the beginning 
of the second quarter following the next shipyard 
overhaul period. 


WEEKLY SCHEDULE 


The quarterly schedule is also used by the 
leading petty officer of each division or mainten- 
ance group to prepare a weekly planned main- 
tenance schedule (fig. 3-4). The weekly sched- 
ule is posted in each working space and is 
used by the leading petty officer to assign 
specific maintenance tasks to specific personnel. 

The weekly schedule provides a list of the 
components, the appropriate page number of the 
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Planned Maintenance System Manual, and spaces 
for the assignment of maintenance tasks to speci- 
fic personnel. The daily and weekly planned main- 
tenance actions are preprinted on the weekly 
schedule forms. All other planned maintenance 
requirements which are to be performed during 
a specific week are obtained from the current 
quarterly schedule. 

The preparation of a weekly planned mainten- 
ance schedule requires you to take into consider- 
ation the available manpower, the time involved 
in each maintenance task, and the ship’s opera- 
tions. When assigning specific personnelto main- 
tenance tasks, it must be remembered that the 
average time required to perform a task, as 
listed on the Maintenance Index Page and the 
Maintenance Requirement Card, does not take 
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into account the time required to assemble the 

tools and materials to do the maintenance action 
nor the time required to clean the area and put 
away the tools at the end of thetask. Any correc- 
tive maintenance, cleaning, and upkeep to be per- 
formed is in addition to the planned maintenance 
prescribed by the Planned Maintenance Subsystem. 

The weekly schedule offers flexibility for all 
planned maintenance actions except those which 
must be performed daily. When a planned main- 
tenance task is completed, the leading petty 
officer will cross out the requirement on the 
schedule. Maintenance that cannot be completed 
on schedule is circled and rescheduled on the 
basis of workload and ship operations. 

The weekly schedule is designed for conven- 
ient preparation and effective reuse. At the end 
of each week, the leading petty officer of the 
maintenance group will take the weekly schedule 
to the departmental office, update the quarterly 
schedule, erase the weekly schedule, and prepare 
a Schedule for the following week. 


THE MAINTENANCE 
REQUIREMENT CARD 


The Maintenance Requirement Card (fig. 3-5) 
defines a planned maintenance task in sufficient 
detail so that assigned personnel can perform 
the task with little difficulty. Each Maintenance 
Requirement Card lists the rate of personnel 
recommended to perform that particular task; the 
safety precautions that must be observed; the 
time, tools, parts, and materials required for 
the task; and the detailed procedures for per- 
forming the task. A complete set of applicable 
Maintenance Requirement Cards is maintained 
in each working space with the Group Mainten- 
ance Manual. A master set of all Maintenance 
Requirement Cards is kept on file in the depart- 
mental office. If a card is lost, or if it becomes 
torn or soiled, it can be replaced by typing a 
duplicate card from the master set or by ordering 
one through the proper channels. 

The Maintenance Requirement Card is one of 
the primary tools of the PMS to be used by the 
personnel actually performing maintenance tasks. 
To demonstrate how the MRC works, let us assume 
that you are MLFN Smith. You would review the 
weekly schedule (fig. 3-4) and note that you have 
been scheduled to perform a quarterly mainten- 
ance on the core baking oven. The code used is 
significant and simple. In this example, the 
Maintenance Requirement Card involved would 
be N-39 Q-1, the first part of this designation 
indicating the work space and the Maintenance 
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SYSTEM COMPONENT 


utfit and Furnishings Core Baking Oven 


M. R. NUMBER 
N-39 Q-1 
SUB-SYST EM RELATED M. R. 


Equipment for 
Workshops 


None 


TOTAL MM 
0.1 

ELAPSED TIME: 
0.1 


M, R. DESCRIPTION 


l. Lubricate hinge assemblies. 


SAFETY PRECAUTIONS 


l. Observe standard safety precautions. 


TOOLS, PARTS, MATERIALS, TEST EQUIPMENT 
1. Rags 
2. Oil can with oil, Symbol 2190 TEP 
3. Grease gun with grease, VV-G-632 Type B Grade 2 


PROCEDURE 


NOTE: Clean fittings before applying grease and remove 
excess afterwards. 


l. Lubricate Hinge Assemblies, 
a. Lubricate bearings, with grease, through 


fittings installed. 
b. Lubricate hinges and latches with oil. 


rpm [e |se[ sur Tu] 720 == 


LOCATION DATE 


MAINTENANCE REQUIREMENTS CARD 
OPNAV FORM 4700-1 (REV. 7/68) 
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Figure 3-5.— Maintenance Requirement 
Card, OPNAV Form 4700-1. 


Index Page number. The second part designates 
the frequency with which the task must be ac- 
complished. Smith would sort through the Main- 
tenance Requirement Cards contained in the card 
holder and pull out N-39 Q-1 (fig. 3-5). What 
does the card tell Smith? It tells him what is 
to be done, the tools, parts and materials required 
to accomplish the task, safety precautions to be 
observed, and a step-by-step procedure for per- 
forming the task. The petty officer in charge 
denotes the accomplishment of a scheduled main- 
tenance action by crossing out the action on the 
weekly schedule. If the task were not accom- 
plished, he would indicate this by circling the 
action on the weekly schedule. At the end of the 
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week, the leading petty officer of each mainten- 
ance group reports the status of scheduled main- 
tenance by properly annotating the appropriate 
quarterly schedule with ‘‘Xs’’ or circles. Thus, 
the department head can establish the condition 
and readiness of this equipment by merely re- 
viewing the Maintenance Control Board. 


FEEDBACK REPORT 


To keep the system dynamic and current, a 
PMS Feedback Report, OPNAV 4700-7, has been 
developed. It is a multicopy form, carbon inter- 
leaved with instructions for its use on the back of 
the last copy. Figure 3-6 shows sheet 1 of the 
report with these instructions included. Through 
this media, shipboard personnel can express any 
comments they have relative to the system or re- 
quest Maintenance Requirement Cards for new or 
modified equipment. If a discrepancy exists inthe 
system as installed aboard your ship, a feedback 
report should be originated immediately by the 
person who discovers the discrepancy. Prior to 
being forwarded, a feedback report should be 
checked for completeness and accuracy by the 
leading petty officer of the division. 


MAINTENANCE DATA 
COLLECTION SUBSYSTEM 


The Maintenance Data Collection Subsystem 
(MDCS) is designed to provide a means of record- 
ing information concerning planned and corrective 
maintenance actions. Maintenance performed is 
recorded by code in detail sufficient to permit 
retrieval of a great variety of information con- 
cerning maintenance actions and the performance 
of equipment involved. The system also provides 
data concerning the initial discovery of the mal- 
functioning, how the equipment malfunctions, how 
many manhours were expended, what equipment 
was involved, what repair parts and materials 
were used, what delays wereincurred, the reasons 
for delay, and the technical specialty or rating 
that performed the maintenance. The codes used 
for recording permit machine processing with 
automatic data processing (ADP) equipment. Each 
maintenance action is reportedinthis manner, ex- 
cept for routine preservation actions (chipping, 
painting, and cleaning) and daily or weekly PMS 
actions. 


MDCS TERMINOLOGY 


The effectiveness of the MDCS depends initally 
upon the individual performing the maintenance 
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. INSTRUCTIONS ON BACK OF GREEN PAGE 
FROM: Indicate Ship Hull Number when 
.. Applicable And Originating Activity 
If Other Than Ship 
TO: NAVY MAINTENANCE 
MANAGEMENT FIELD OFFICE ` 
Box 604, Hampton Roads Branch Industrial Manager, USN 


Norfolk, Virginia 23511 San. Diego, Calif. 92136 
SUBJECT: PLANNED MAINTENANCE SYSTEM FEEDBACK REPORT 


SYSTEM COMPONENT 
Same As On MRC Same As On MRC 


— 
CONTROL NO. 
Same As On MRC Vertical No. on R.H. Side of MRC 


DISCREPANCY 
C] M. R. Description 












VIA 
















[] Equipment Chonge C] Typographical 


. Missing Maintenance Technicol 
| [ ] Safety Precautions [ ] index Page (MIP) Publications 
L] Tools, Etc. o Technical O Miscellaneous 
Missing Maintenance 
E Requirement Card (MRC) L] Procedure 
1. Handwritten copies acceptable. Use Ballpoint pen . 
2. Check appropriate box. 
3. Use this space for all comments. State what is wrong and recommended cor- 


rection. Give reason for recommended change (Unless comment is obvious). 

. For missing MRC, MIP & when Control Number is not available identify equip- 
ment by noun name and APL/CID or AN Number. | 

. For equipment change report, identify equipment removed and that installed by 
noun name, EIC and APL/CID or AN Number. 

. "Tech Publications’? Block includes all Systems Command publications. Iden- 
tify Publication Number, Volume, Revision, Date, Change Number, Page, Para- 
graph and/or Figure. When referring to SMS Equipment Volumes 2 or 4, the “M.R. 
Number” and *' Control No." Blocks should also be completed. 

. Distribution: As shown on bottom of each page. - 

Installation Team: Forward reports within 10 days of installation. 
Ship: Forward reports within 90 days after installation and as required thereafter, 
via appropriate TYCOM. 

. Request additional forms from supply system. 


S» 


cn 


c» 


~d 







C.O. or designated Rep. 
| SIGNATURE 


THIS COPY FOR: 
FO 


ADDRESSEE 1 


40.101 
Figure 3-6.— Planned Maintenance System 
Feedback Report, OPNAV 4700-7. 


action and the accuracy with which it isreported. 
Supervisors are responsible for ensuring that all 
forms used in connection with the MDCS are com- 
plete and accurate and that a form is submitted 
for each applicable action. Even so, itis essential 
that all personnel having any responsibility for a 
maintenance action have a knowledge of the codes 
and their sources and of related terminology 
used in connection with the MDCS, The following 
definitions apply to codes and terms used in con- 
nection with the system. 
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Action taken code, A single-letter code which 
identifies what maintenance action was performed 
on the equipment. 

AEL number, An allowance equipage listing 
(AEL) number identifies an equipage allowance 
list for a ship. This number can be found in the 
Coordinated Shipboard Allowance List (COSAL). 

Alteration identification number. A letter/ 
number combination having a maximum of 13 
characters which identifies a systems command 
assigned authorized alteration. 

AN number, An Army/Navy (AN) number des- 
ignation which identifies equipment in the elec- 
tronics area by means of a letter/number code. 

-APL number, An allowance parts list (APL) 
number has 8 to 11 digits and identifies the parts 
list of an equipment or component. This number 
is found in the Coordinated Shipboard Allowance 
List (COSAL) and corresponds to the component 
identification (CID) number of the equipment/ 
component. Example: 55376101 (AN/GRC-27) 

_CID number, A component identification (CID) 
number has 8 to 11 digits and identifies an equip- 
ment or component. CID numbers are foundinthe 
Coordinated Shipboard Allowance List (COSAL). 

COG symbol, A cognizance (COG) symbol is a 
letter/number code prefixed to a federal stock 
number to identify the supply account in which 
an item of supply is carried and the inventory 
manager of the item. Examples: 1H, 9Z, 2N 

Component. The lowest subassembly, above 
the part level, located within an equipment. 

Data element. Information that is recorded 
in coded form on a maintenance data collection 
form. 

Deferred code, A one-letter code (includes 
action taken codes H, J, and K) indicating that 
a maintenance action has been delayed due to 
ship operations, lack of parts, or a need for 
outside assistance. 

Equipment identification code (EIC). A seven- 
digit letter/number combination which identifies 
the smallest desired breakdown of an equipment 
or unit. 


Equipment operating hours/time. A five-digit 


number reading (to the nearest hour) from an 
installed meter, which represents the equipment 
operating hours at the time of the malfunction. 
These hours will be documented only on specific 
equipments selected by the cognizant systems 
command. | 


Federal stock number, A federal stock number 
(FSN) is an 11-digit number which identifies an 
item of supply. Example: 5935-793-9166 (Con- 
nector) 


How malfunctionedcode. A three-digit number 


used to provide a description of the trouble on 
or in the equipment or component. 

Maintenance control number. A four-digit 

number sequence assigned at the ship level. This 
number, with the unit identification code, is used 
to tie together all documents submitted on a 
specific job. By use of the maintenance control 
number, data processing equipment can list all 
of the maintenance actions and parts used on 
each job. This number will be assigned consecu- 
tively, beginning with 0001 and ending with 9999. 
On reaching 9999, the series will be started again 
with 0001. 
Maintenance Requirement Card (MRC). A card 
used in the Planned Maintenance subsystem to 
define detailed procedures for performing planned 
maintenance tasks. 

Maintenance Requirement Card (MRC) num- 
ber, A unique code assigned to each MRC for 
identification which also indicates the periodicity 
of the planned maintenance action. 

Repair activity. An activity under the MDCS 
that expends manhours to accomplish or assist 
in accomplishing a specific maintenance action 
for another activity. For example, in addition to 
the usual AR, AD, AS activities, an aircraft car- 
rier which rewound an electric motor for a de- 
stroyer would be a repair activity under this 
definition. 

Subassembly. Two or more parts which form 
a portion of an assembly or a unit replaceable as 
a whole, but having a part or parts which are 
individually replaceable. 

Subsystem, A subsystem is a major functional 
part of a system, usually consisting of several 
components, that are essentially operationally 
complete within the system. 

System, A system is a major, functional part 
of a weapon system or support system consisting 
of such other components, assemblies, sub- 
assemblies, and parts necessary to perform a 
specific function or functions. 

Lowest designated assembly (LDA). The low- 
est designated assembly is the lowest assembly 
identified by the last three characters of the 
seven character EIC. 

Maintenance action, Any action taken to main- 
tain equipment or material in, or restore it to, 
an operational condition. 

a. Corrective maintenance. Any mainten- 
ance action or task required to restore an equip- 
ment to operational condition, within predeter- 
mined limits or tolerance. 

b. Preventive maintenance. The sum of 
those actions performed on operational equipment 
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that contribute to uninterrupted operation of 
equipment within design characteristics. 

Manhours, A four-digit number depicting, to 
the nearest tenth, the number of manhours ex- 
pended to accomplish a maintenance action. 

Nonreporting repair activity. Any activity not 
under the Maintenance Data Collection System 
that expends manhours to accomplish or assist 
in accomplishment of a specific maintenance 
action. 

Not Repairable This Ship (NRTS). A one-digit 
number action taken code used only by repair 
activities to show action on work requests. This 
code will indicate the reason the item was not 
repairable. 

Part number, A letter/number code assigned 
by a manufacturer to identify a specific part. 

ality. The number of units of parts or ma- 
terial used to accomplish a specific maintenance 
action. 

Primary failed part. The primary failed part 
is that which, in the opinion of the maintenance 
man, caused the equipment to fail. 

Active maintenance time. Active maintenance 
time is the elapsed clock time, in hours and tenths, 
that maintenance was actually being performed. 

Reference symbol. A symbol that identifies a 
specific part within an electrical circuit. Used 
primarily in ordnance and electronics. 

Repair activity unit identification code. A five- 
digit number used to identify a ship or activity 
performing repair for the requesting ship. This 
code is found in the Navy Comptroller Manual, 
Volume 2, Chapter 5. 

Service code, A one-letter code indicating the 
type of service the requesting activity will pro- 
vide the repair activity to assist in accomplish- 
ing the requested work. 


Source code. A letter/number code which 


identifies the source of parts or material used 
in a maintenance action. 


Statistical services. Services provided by a 
data collection center equipped with data proc- 
essing equipment and staffed with data processing 
and analysis personnel who formulate, review, and 
analyze reports. 

Type availability code. A one-letter code that 
identifies under what type of availability the re- 
pair activity will accomplish the requested main- 
tenance action. 

Unit identification code (UIC) (formerly ship 
accounting number). A five-digit number used to 
identify a ship or activity. This code is found in 
the Navy Comptroller Manual, Volume 2, Chapter 
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Unit of issue. A two-letter abbreviation ofthe 
standard measure or quantity in which an item of 
supply is issued for use. 

Unit price. The cost or price of an item of 
supply based on the unit of issue. 

Units, A maximum of two numbers indicating 
the nuraber of identical items on which mainten- 
ance was attempted or performed. 

When discovered code. À single-letter code 
which identifies when the malfunction of the 
equipment or component was discovered. 


Work center code, A three-letter/number 


combination that identifies a department, rating, 
shop, or group. 





a. Work center. This code identifies the 
department, rating, shop, or group that has main- 
tenance responsibility. 

b. Assisting work center. This code iden- 
tifies the work center that assisted the work 
center having maintenance responsibility. 

c. Requesting work center. This code 
identifies the work center that requested or is 
requesting outside assistance. 


Work center supervisor. The leading petty 


officer of a shop or group who is responsible 
for maintenance functions. 


EQUIPMENT IDENTIFICATION CODES 


The EIC Manual contains many of the codes 
used to report information related to maintenance 
actions. By use of the manual, a system, assembly, 
component, or even a part can be positively iden- 
tified by a seven-digit letter/number code; the use 
of codes eliminates ambiguous or vague descrip- 
tions or noun names. The EIC Manual is divided 
into sections, one for each of the major depart- 
ments of a ship and one identified as miscel- 
laneous. Each major system is coded and broken 
down to the lowest level needed to manage the 
equipment effectively. The EIC is very important, 
since it is the only data element that identifies the 
equipment, component, or part upon which the 
maintenance is performed. The manner in which 
the EIC is structured and how it corresponds to 
the equipment is illustrated in the following 
example. 


Assume it is desired to determine the code 
for a sandmuller in the foundry. By referring to 
the repair shops, shipboard tools, and miscel- 
laneous equipment section of the EIC Manual, the 
structure of the code is found to be: 
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N000000 | Repair Shops, Shipboard Tools 
and Miscellaneous Equipment 

NF00000 FOUNDRY EQUIPMENT 

NF01010 Saw, Brick 

NF01020 Saw, Masonry 

NF01030 Saw, Variety 

NF02000 SAND HANDLING EQUIPMENT 

NF02010 Sand, Muller 

NF02020 Sand, Riddle 

NF02030 Cabinet, Sand Blast 


At this point, as you can see, the equipment 
is not broken down to its lowest level; as the 
need arises, changes in the EIC Manual may be 
made. 

In addition to the equipment identification 
codes, the EIG Manual contains other codes which 
are of equal importance and are used in the 
preparation of the forms when reporting main- 
tenance actions. The following codes are included: 


Section II Administrative Organization 
Section III Work Center 

Section IV How Malfunctioned 

Section V When Discovered 

Seetion VI Action Taken 

Section VII Service 

Section VIII Source 

Section IX Type Availability 


Examples of administrative organization codes 
are as follows: 


TYPE SQUADRON DIVISION CODE 


S 06 0 (S060) SERVRON 6 
D 08 0 (D080) DESRON 8 
B 12 0 (B120) SUBRON 12 
D 32 0 (D320) DESRON 32 


Samples of codes found in other sections of 
the EIC Manual are shown in figure 3-7. 

These codes make possible the recording of 
a wide variety of information in a relatively 
small space and can be written in a minimum of 
time, once familiarity with the coding systems 
has been attained. At the data processing level, 
the codes permit use of ADP operations which 
provide pertinent direct readinginformation sum- 
maries to all administrative levels that can 
profitably employ such summaries. Represent- 
ative application of these codes on a standard 
form is shown in figure 3-8. 


MDCS DOCUMENTATION 


Documentation in the MDCS is accomplished 
by the completion of one or more standard forms. 
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The basic forms used to record maintenance 
actions are: 
1. Shipboard Maintenance Action, 
Form 4700-2B. 
2. Deferred Action, OPNAV Form 4700-2D. 
3. Work Request, OPNAV Form 4700-2C, 
Parts I and II. 
4. DOD Single Line Item Requisition Systems 
Document, (Manual) DD Form 1348. 


OPNAV 


Shipboard Maintenance Actions 


The Shipboard Maintenance Action, OPNAV 
Form 4700-2B, is a single-sheet document used 
to: 


1. Record all preventive maintenance actions 
accomplished aboard ship. 

2. Record all corrective maintenance actions 
accomplished aboard ship. 

3. Report work done aboard 
outside activity not under the MDCS. 


Figure 3-9 is an example of a completed 
OPNAV Form 4700-2B showing the corrective 
action taken to repair a noisy bearing. A func- 
tional flow diagram for the form is shown in 
figure 3-10. NOTE: If maintenance actions take 
longer than one working day, OPNAV Form4700- 
2Bs must be submitted on a daily basis in order 
to account for manhours. The documents must 
bear the same MCN, Action taken will have a 
“Zero” entry and units will have ‘‘00’? until the 
final document is submitted. 

When a repair activity such as a civilian 
contractor provides a ship maintenance assis- 
tance, duplicate 4700-2B documents are prepared. 
Block 7 of the original (see fig. 3-9) is left 
blank and the code for the assisting work center 
is entered on the duplicate. Only those manhours 
actually spent by the shipboard work center in 
assisting the outside activity are entered in 
block 13 of the original; manhours spent by the 
outside activity in assisting the shipboard work 
center are entered in block 13 of the duplicate. 


ship by any 


Deferred Maintenance Actions 


The Deferred Action, OPNAV Form 4700-2D, 
is a two-sheet form used to report corrective 
maintenance actions that are deferred because 
of ship’s operations, lack of repair parts, or the 
requirement for outside assistance. The first 
sheet is used to record the reason for deferral 
and the second sheet is used to report the 
completion of the deferred action. (See figs. 3-11 
and 3-12.) 
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EIC CODES ADMINISTRATIVE ORGANIZATION CODES di UPE d 
ER CYO QN AAT TE UR — N 
NF02000 SAND HANDLING EQUIPMENT SERVRON 6 S060 MAINTENANCE IS 
NF02010 SAND MULLER SUBRON 12 B120 BEING DOCUMENT ED 
NF02020 SAND RIDDLE DESRON 8 D080 
USS BUSHNELL 175TH JOB 


AN ERE DATA COLLECTION 
FORM |700-28 (8-64) SHIVBOARD MAINTENA ZE ACTION 
: 2. SHIP ACCTG. NO. 3. MAINT. CTRL. NO.| 4. DATE TH YEAR 


— a 


T | ON/REMARK 





ACTION TAKEN CODES 


A. .PLANNED MAINTENANCE 
C. REPAIR (USE OF SPARE PARTS) 
D. REPAIR (NO SPARE PARTS REQUIRED) 


WHEN DISCOVERED CODES 


WORK CENTER CODES HOW MALFUNCTIONED CODES A SEN Li y NE OEF ATARIN 
38A OUTSIDE MACHINE 000 NO MALFUNCTION C. DURING EQUIPMENT OPERATION 

81A FOUNDRY 710 BEARING FAILURE D. DURING PREVENTIVE MAINTENANCE 

64C PATTERN 070 BROKEN (REQUIREMENT OF MRC CARDS) 

Figure 3-8.—Samples of MDCS Codes and Representative Applications for 17.81B 


Repair Department Own Equipment. 


BEARING FAILURE 175TH JOB ASSIGNED BY OWN REPAIR SHOP EQUIPMENT ^ 
ENGINEERING OFFICER MAINTENANCE IS BEING 
DOCUMENT ED 
DURING 


REPAIRED, USED 
OPERATION SPARE PARTS 


SHIPBOARD MAINTENANCE AC S hk 






MAINTENANCE DATA COLLECTION 
V FORM 4700-28 (8-64) 






DUE 


élofilojoteisy | | 
21. ALTERATION IDENTIFICATION 





S|A|N |o |w]u |t |t |E|R 


- SAND MULLER CID 174800310 
E NOISY BEARING IW MULLER WHEEL 
3. REPLACED WITH NEW BEARING 


(3) i 
FOR LOCAL USE ONLY — 


 _ = 
— AAA 555 


COMPONENT 
IDENTIFICATION WORKER SUPERVISOR | 
Figure 3-9.— Shipboard Maintenance Action, OPNAV Form 4700-2B. 17.81B 
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FOUNDRY SUBRON 12 USS BUSHNELL 180 th JOB ASSIGNED BY | 


ENGINEERING OFFICER 
DURING š j 


OPERATION 
RED ACTION 1 


MAINTENANCINDATA COLLECTION 
OPNAV FORM 4NO-2D (8-64) DEFE? 











w 











i A. SHIP NAME AND HNLL NO./ACTIVITY 


USS BUSBWELL AS-15 






















2. SHIP ACCTG. NO, 3. MAINT. CTRL. NO. 4. DATE 


2)5|0]2|8/0|1]0]0|S|8| T 


Z h y V 1S ⁄ i hy +$: LM MM an bbb — 
Uppers, o I ADI ⁄ ” P Yi i 7, A VU MY GYM A 
/ MUL Nw 75 ⁄ 7 A G T Z 
U RRL RR A A 
7 — P yyy, VE HP PEELE TTT 
D, o — * —— — A — 
Ys T yy / f | vy " 
























4, 
7 
Vif, 
A 
—⸗ ⁄ , 


7 A Z Z 





⁄ P, ty / 
p Pg MM 
SA, ⁄ A 


, ⁄ 











5. EQUIPMENT ID CODE! 6 W.C» š a abet. 7T B. — ACT. ACCT. NO. 9. MAL/MRC. 10. 11. | 12. UNITS| 13. MANHOURS E. 
Disc] A/T ! 
IF i22 011081 A| ou l | 1| J IPA OTe Olt to are YO 














= 
IA ab Ed pb manh 


ION IDENTIZICATION 





14. SERIAL NO. 20. EQUIP/TIME | 21. Al 


S|A|w|O|a|u|¿ |e |£|A] | | ane 


F. DESCRIPTION/REMARKS 





1. SANDMULLER CIO 17480031 
2. FAILED DURING OPERATION 
3. NO SIFARE FARTS 0 BOARD 

















MLI MG yaaa a DU 


FOX LOCAL USE ONLY 
— 7 M. SIG. (4) 


















A Z A 
A Wy — P MLES G. LU. tor 
A, ——— P A ——— MYMEL; ⁄ 
P € 0!” ; 
ZAA Ye — Z e 


; Uy, pj Yd i —— E 
lf, Ñ w x n 7 Z 
yy YG 
⁄ Kp ya d ppl p ,/ ," ^j , ph pl 

P, 

MA gn "^ Ñ 
M, p 
M, ILA 


774 
; PL 
p PIAA 
" A 














La a al. ARARA DAMMAM 


BEARING DEFERRED LACK 


FAILURE OF SPARE PARTS SUPERVISOR WORKER 


17 81D 
Figure 3-11— Deferred Action, OPNAV Form 4700-2D, Sheet 1. 


FOUNDRY SUBRON12, USS BUSHNELL 180 th JOB NEW DATE ` 


DURING 
OPERATION 


OPNAV FORM 4700-2\(8-64} DEFERRED ACTION + 




















A. SHIP NAME AND HULLNIO./ACTIVITY 


„USS BUSHNELL AS-/1S 


I. ADMIN. ORG. 


GLEIZO 


2. SHIP ACCTG. NO. 


2|4|G|2|s| 


3. MAINT. CTRL. NO. 


O|L|8|O 


4. DATE 


Z|O|0|5\8 














z 









Pd A p A 7 f J ⁄⁄⁄ - Ve Z 
La" ty Hi —⸗ 7 ——⸗ Se I 464 Z 7 ⁄ "i ty, ⁄ ⁄⁄ — 4 ——n 2k í —— ey Yj Vy, 7 ZB Wm A 7A 7 " —— YY 7 ZzZ. UL 
2/29 fgg PT 7292997 tty — — — — T Wf 4 WU — Wty MITA, Ñ VÑ, Z; Z 
5. EQUIPMENT ID CODE! 6 W.C» 7. ASST. W.C. | 8. REPAIR ACT. ACCT. NO. 9. MAL/MRC. 10. 19; 12. UNITS] 13. MANHOURS E 


Disc] A/T 
clelolzlolol23 lo} | | 
20. EQUIP/TIME 2 MRCTHERRTION IDENTIPYCXTION 


SIAIN|DIMYi LIZ |E|A| | | ae 


F. DESCRIPTION/REMARKS 


^iFio|i2|0|zj018|7|A|l | | Oe AR Pe MR E aÉ SK. 


14. SERIAL NO. 





1. SAWPMULLER CID 1748003 
Z2. FAILED DURING OPERATION 
3. NO SPARE PARTS ON BZARD 





L. SIG. (3) 





Lz 
FOR LOCAI/“USE ONLY MILs ` >2Š e-e l 
⁄ 277 7 M. SIG. (4) 
7⁄7 ⁄ Yj, 

A — Vip MEM EM. Pirate. 
MY YI AI Mtes Alu. 
Z⁄Z;7///57 P, RLM OUAU, , N 7 T T. ZZ — 
TAS P P b i by i p i 
A * <, j ; 7 4 gy DII PID ; 








BEARING FAILURE REPAIRED USING PARTS SUPERVISOR WORKER. 


17.81D 
Figure 3-12.— Deferred Action, OPNAV Form 4700-2D, Sheet 2. 
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Documentation on OPNAV Form 4700-2D is 
accomplished in the following situations: 


1. Need for outside assistance, Ifacorrective 
maintenance action is beyond ship’s force capa- 
bility and outside assistance is required, a Work 
Request, OPNAV Form 4700-2C (described later), 
is prepared and forwarded. This situation will 
always require that an OPNAV Form 4700-2D be 
submitted. The manhours that have been expended 
(if any) by ship's force in connection with the 
maintenance action, are documented on the OPNAV 
Form 4700-2D—that is, the manhours involved in 
the investigation, removal, and reinstallation of 
equipment. The flow of the form in a situation 
of this type is illustrated in figure 3-13. 

2. Lack of repair parts. (See fig. 3-14.) Ifa 
shipboard maintenance action must be deferred 
due to the lack of necessary repair parts, an 
OPNAV Form 4700-2D is documented as follows: 
On sheet 1, a code ‘‘J’’ (lack of parts) is entered 
in block 11 and the manhours expended in con- 
nection with the maintenance action are entered 
in block 13. (See fig. 3-11.) When the repair part 
has been received and the maintenance action 
completed, sheet 2 is documented with a code ‘‘C?? 
(repair, use of spare parts) enteredinblockl11l and 
the balance of the manhours expended entered in 
block 13. (See fig. 3-12.) 

Ship’s operations. (See fig. 3-14.) Ifacorrec- 
tive maintenance action must be deferred because 
of ship’s operations, an OPNAV Form 4700-2D 
is prepared and sheet 1 is submitted using 
deferred action code “H”? and the manhours 
expended, if any, are entered in block 13. When 
the maintenance action is completed, sheet 2 is 
submitted using the appropriate action taken code 
and the manhours expended in completing the 
action are entered in block 13. 


Work Requests 


The Work Request, OPNAV Form 4700-2C, is 
originated by ships and activities to request as- 
sistance from repair activities and for final 
documentation of action taken to complete the 
maintenance requested of the repair activity. 
(See fig. 3-15.) The form consists of four similar 
but not identical sheets separated by carbon paper. 
Part II of 4700-2C, a continuation of the basic 
form, is also a four-sheet form which provides 
additional space for written descriptions, dia- 
grams, and sketches. 


REQUESTING ACTIVITY ACTION.—The ship 
requesting assistance from a repair activity 
completes part of the work request as shown in 
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figure 3-15. In block F, the requesting activity 
enters the noun name of the item identified 
in the EIC code block, and gives a brief de- 
scription of the malfunctions, discrepancy, and 
action taken. The CID/APL/AEL/AN number 
will be entered. If none are applicable, enter 
CID/APL/AEL/AN-N/A. (‘‘Overhaul,’? ‘‘re- 
pair,” and ‘‘repair as necessary?! are not con- 
sidered adequate under description of repairs 
required.) 

Sheet 1 of the work request is retained by the 
requesting activity; the sheet serves as a record 
of the requested work. Sheets 2, 3, and 4 are 
forwarded to the assigned repair activity via the 
designated chain of command. 

REPAIR ACTIVITY ACTION, —Sheets 2, 3, and 
4 of the work request are received by the repair 
department of the repair activity. The form serves 
as the planning, estimating, scheduling, and work 
order document. The coded data recorded on the 
form serves as the basis for mechanized main- 
tenance reports required for adequate control and 
recording of the maintenance action. Action on OP- 
NAV Form 4700-2C is initiated by the repair of- 
ficer, the division officer, and data services. 

The repair officer makes a preliminary re- 
view of the work requests and, on the face value 
of the requests, screens them for problem areas 
and scheduling difficulties. Action canbeinitiated 
on those obvious problem areas in advance of 
the availabilities. Repair office personnel (ship 
superintendent, if assigned) assigns a lead work 
center for each work request by filling in block 
6 on sheet 2 (fig. 3-15), and detaches sheet 4 
(fig. 3-17) of the work request for filing in a 
work booklet for the ship. Sheets 2 and 3 are 
forwarded to the division officer in charge of the 
assigned lead work center. 

The division officer that has lead work center 
responsibility, in conjunction with his shop super- 
visors and other affected division officers as 
necessary, uses the work request as a basis for 
investigations, planning, scheduling, and estimat- 
ing. Detailed investigation of a work request will 
reveal that one of four cases will exist: 

Case I. The cognizant shop within the work 
center has the ability and the capacity to ac- 
complish the work requested. 

Case II. The shop has the ability and the 
capacity to accomplish the desired work in modi- 
fied form but not completely as requested. 

Case III, The shop does not have the ability 
or does not have the capacity to accomplish 
the desired work, or rejection is necessary for 
some other reason (NRTS, Not Repairable This 
Ship). 
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(AT M NN D MN M NN S S 


MAINT. CONDENSATE USS SIERRA CRACKED REGULAR TENDER 
PUMP IMPELLER AVAILABILITY 













DURING 
MRC 
CHECK 


WORK REQUEST 










2m m 
2 — 


AE 


EUER | 





CONTACT MEN ENGINEERING DELIVER 
DEPARTMENT AND 
MACHINIST'S MATE CALL FOR 


17.81C 
Figure 3-15.— Work Request, OPNAV Form 4700-2C, Sheet 1. 
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FOUNDRY SCHEDULED 20 HOURS 
START DATE ESTIMATED 
ACCEPTED 
OPNAV 4700-20 (8-84) ^ ^N WORK REQUEST 








A. SHIP NAME AND HULL NO /ACTIVINY 1 DMIN. ORG 2. SHIP ACCTG. NO 


2 
U.S.S. STORMES OD 780 |2|3 |? |o | O3 | |8 |o |C*O |5 |7 2iswleja| je 


— — 


5. EQUIPMENT ID CODE 6. RSGN W.C. 7.ASGN, AWC., [ 8. REPAIR ACT. ACCT NO 9. MAL/MRC, M —* 12. UNITS [! ESTIMATE MANHOUR SIC. 
zolo 2102 
14. SERIAL NO e 16. REQ. WC. 17. DESIRED CMPLN. DATE —— 19. SCHEDULEO START TIME 
^ |R|3|^t|C|S |A T|P|M|P|EIM|" |E M|M|O|S|O 914 [42 7 |9|6|58 
F. DESCR 


IPTION / REMARKS 


1- VÉ3 MAIN CONDENSATE PUMP CID-OL6160012 ALT NO N/A 
2. IMPELLER CRACKED 


3. MANUFACTURE (1)ONE IMPELLER - BLUE PRINTS £ SAMPLE ATTACHED 
4. MATERIAL - MONEL 


FOR LOCAL USE ONLY YY 
MM LT Dror UMM1 F 882 
MMC K.4 or Cok 4. Mete USA 


17.81C 
Figure 3-16. — Work Request, OPNAV Form 4700-2C, Sheet 2. 








m ET s WORK REQUEST 4 


A, SHIP NAME AND HULL NO,/ACTIVITY 1, ADMIN, ORG, 2, SHIP ACCTG,NO, 3, MAINT, CTRL, NO, 4,DATE 

USS STORMES D»?ad|eW 21e|leislalatoleileisiz| liil | ve 
5, EQUIPMENT ID CODE 6, RSGN,W,C, sASGN,AWC, 8, REPAIR ACT, ACCT, NO, 9, MAL/MRC, a 2, UNITS §13,ESTIMATE MANHOURSIC, 

z |eloizlol«|o|2!1 0 Weie 

14, SERIAL NO, e 16, REQ, W,C, 17, DESIRED CMPLN., DATE i 19, SCHEDULED START TIME 
NIA4I3|MIO|SIAlIT|P ||? ind O|lslol|l9la VEER 


S, EQUIPMENT ID CODE 6, WC, 7.ASST, W.C» |8. REPAIR ACT, ACCT, NO, | 9» MAL/MRC, m K ee wae e a 
T 
“ee 


F. DESCRIPTION/ REMARKS 


1-43 MAIN CONDENSATE PUMP CID-016160012 ALT NO. N/A 

2. IMPELLER CRACKED 

3. MANUFACTURE (1) ONE IMPELLER- BLUEPRINTS f SAMPLE ATTACHED 
4. MATERIAL — MONEL 


LSIG. :3! 
FOR LOCAL USE ONLY 


MM2 (r yer (MMI RE Guen _ 
MMe 4A oor Ope J.J bate USH 





17.81C 
Figure 3-17.— Work Request, OPNAV Form 4700-2C, Sheet 4. 
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Case IV. The ship cannot determine if the 
job can be accomplished without further inves- 
tigation. 


The flow of the work request in each case 
is shown in figure 3-18. 


If Case I exists, no further decision is 
necessary. The division officer enters the fol- 
lowing information in the appropriate blocks 
on the work request, sheet 2 (fig. 3-16): 


1. Action taken code ‘‘X’? (accepted) —block 11. 
2. Manhour estimate to complete the job — 
block 13. 


MAIN CONDENSATE 
PUMP IMPELLER 


USS SIERRA 


FOUNDRY 


MAINTENANCE PATA COLLECTION 
OPNAV 4700-24 (8-64) 


Ae SHIP NAME AND HULL NO,/ACTIVITY 1A 


_V:S:S.\STORMES DD 780 ee 


+ 
Í. 





S 


- 
Ci 


Fe DESCRIPTION/REMARKS 


2. IMPELLER CRACKEO 
4- MATERIAL - MONEL 


FOR LOCAL USE ONLY 


` 
N 
S 


NN 





CRACKED 


2e SHIP ACCTG,NO, YRL. NO, 4, DATE 
o|3|4|s|e|olo]s|7|2|9jejeja| ie 


MERER mr mnm pP ~ 14 ALL "^ 2 Z Z Z Z 

5, EQUIPMENT ID CODE 6, ASST, WL. 8. REPAIR ACT, ACCT. NO, 9, MAL/MRC, 10, Flte 112 UNITS [13 MANHOURS 
I DISC] A/T 

Z |9|o|7 0|40|2|1 lA|el4]c o |4|e6|3 a|/j9jo[sllojz| | | 1 


1— #3 MAIN CONDENSATE PUMP OrD/ 016160012 \ALT NO. N/A 


3. MANUFACTURE (1)0N€ IMPELLEQ-/BLUE PRINTS ¥ SAMPLE ATTACHED 


MME AU BME MALE), yume RA Zü e 


3. Scheduled start date — block 19. 

4. Assigned work center —block 6 (if the 
work requested is reassigned to another 
shop following investigation). 

5. Assisting work center, if assigned—block 7. 
Sheet 2 is then sent to data services and 
sheet 3 (fig. 3-19) is sent to the designated 
work center. 

If Case II exists and modification of the 
request is recommended, the division officer 
presents his recommendation for modification to 
the repair officer for approval. If approved, 
action taken code ‘‘W’’ (accepted in modified 
version) is entered in the action taken block 


DURING MRC DATE COMPLETED 
CHECK 


MANUFACTURE 








ZZ amr Zx atr ar dit aV, 


Tele Me ldea 


Me SIG, 4) 








REPAIRED 
ONE (1) UNIT 


17.81C 


Figure 3-19.— Work Request, OPNAV Form 4700-2C, Sheet 3. 
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and the work request returns to the normal 
flow pattern (see fig. 3-18, Case I.) If modi- 
fication is not approved by the repair officer, 
Code ‘‘X?” (accepted) is entered in the action 
taken block and the work request is returned 
to normal flow. 

If Case III exists and NRTS is recommended, 
the division officer presents his recommendations 
to the repair officer. If the NRTS recommenda- 
tion is rejected by the repair officer, code ‘‘W”? 
or code ‘‘X?’ (as appropriate) is entered in the 
action taken block and the work request is re- 
turned to the normal flow pattern. (See fig. 8-18, 
Case I.) If the NRTS recommendation is accepted 
by the repair officer, the appropriate NRTS 
code from Section VI (see fig. 3-7) of the EIC 
Manual is entered in the action taken block. Sheet 
3 is then retained in the repair office for use 
by the repair officer at the ship arrival confer- 
ence. Sheet 2 is forwarded to data services where 
the information is keypunched and recorded in 
Maintenance Control Reports (MRC) 1 and 2. 
(These reports are described later.) 

After the information is extracted by data 
services for the Master Job Card, sheet 2 is 
forwarded to the division officer concerned for 
retention until after the ship arrival conference. 
After confirmation of the NR TŠ action at the ship 
arrival conference, sheet 3 is filed in the ship 
work booklet, replacing sheet 4 which is destroyed. 
Sheet 2 is returned to the requesting ship as con- 
firmation of the NRTS action. 

If Case IV exists, code ‘‘V’’ (will investigate 
further) is entered in block 11, sheet 2, of the 
work request. Blocks 13 and 19 are left blank. 
Sheet 2 is forwarded to data services, where the 
information is keypunched and recorded. After 
further investigation, the job will be either ac- 
cepted or rejected. If accepted, action taken code 
«€ X? will replace action taken code ‘‘V’’ on sheet 
2 (which has been returned to the division officer 
from data services) and blocks 13 and 19 are 
filled in. A large ‘‘V’’? is entered in the lower 
right hand corner of the document to indicate 
that this document must be corrected. The docu- 
ment is then returned to data services to be re- 
punched. If further investigation reveals that 
the job cannot be accepted, code ‘‘V’’ is replaced 
by the applicable NRTS code. Blocks 13 and 19 
are left blank, and the procedure outlined inCase 
III is followed. 

Upon receiving sheet 2 from the division 
officer, data services prepares the Master Job 
Card and duplicate prepunched Work Supplement 
Cards (see fig. 3-20) in proportion to the estimated 
manhours of the job. The Master Job Cardis used 
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to produce the Maintenance Control Reports. The 
duplicate prepunched Work Supplement Cards are 
attached to the corresponding sheet 2 of the work 
request and returned to the division officer con- 
cerned. The division officer retains sheet 2 in 
his active work file and forwards the prepunched 
Work Supplement Cards to the lead work center. 

The lead work center performs the job, re- 
cords the maintenance data on Work Supplement 
Cards, and records the material obtained outside 
of normal supply channels on the reverse side 
of the card. If more than one work day is re- 
quired to complete the action, or if assisting 
work centers are needed, the work center will 
utilize the additional Work Supplement Cards. 


The following applies to entries on the Work 
supplement Card, OPNAV Form 4700-2F: 


Block 4. The date for which the card is 
submitted. 

Blocks 5, 9, 10. Filled in only if different 
than that shown on top line. 

Block 7. Assisting work center code when a 
shop has been requested to assist in the repair 
of a particular maintenance action. 

Block 11. The lead work center enters on the 
final card the action taken code that best fits 
the total maintenance action. 

Block 12. The lead work center enters the 
number of units completed on the final card. 

Block 13. Number of manhours, tothe nearest 
tenth, expended on a job for a particular date. 


Ready for Pickup. Lead work center enters a 
check mark to indicate the requested item is 
ready for pickup. 

Delivered. The lead work center enters a 
check mark to indicate the requested mainten- 
ance has been accepted and approved by the 
requesting activity. 

Remarks. May be used to record any nec- 
essary information pertinent to the maintenance 
action, or to transmit information to data ser- 
vices concerning the processing procedures. 

Some examples of how the Work Supplement 
Card is used by a repair activity to report 
various types of actions are illustrated in figure 
3-20. The form shown in part A reflects that on 
27 June 1968, work center 81A expended 4 man- 
hours on the maintenance action, but did not 
complete the repair. The work center completed 
the repair and the job was ready for pick up 
on 28 June 1968, after expending an additional 
11 manhours, as indicated in part B. Part C 
Shows that the repaired item was delivered 29 
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MANHOURS (TENTHS) 
(b READY TO PICK UP (v) | Í 
DELIVERED [ /) a 


1234636) 09101 1215141 W 17 W 1928 21 2222 24 25 26 27 20 29 20.31.22 33 34 35 36 77 JIB 20 46 41 42 43 44 46 06 47 40 00 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 06 07 66 ES 70 01 72 7374 75 06 72 78 79 00 
686048-0 BSC ; 


WORK SUPPLEMENT 















ZQ01040 | 81A 190 D 





6wc Jo MALO HSC 
x - DO NOT ENTER IF SAME AS ABOVE 


280,60] — 


REMARKS: 








OPNAV FORM 4700-2F (7-65) 


[ADAE ——— — 
DU SEN 
Zaw 000 
[HOW MAL — — * 
10. WHEN DISCOVERED < 
n. 
12. 
B. 
= 
E. 


UNITS COMPLETED O1. 


MANHOURS (TENTHS) 


READY TO PICK UP (v) |v 
DELIVERED [ /) 


4234506101) 9 9101121 M 15 W 17 18 1920 21 22 23 24 2$ 26 27 29 29 29 31 32 33 4 38 38 37 20 20 40 41 42 43 44 40 40 4) 40 40 SD 51 52 53 S4 SS 56 57 SB 50 50 61 62 63 64 65 066 67 60 000071 7273 74 75 78 0 8 7 00 
686048-0 0SC 


WORK SUPPLEMENT 























e 
0 
O. 
: 
Ë 





OPNAV FORM 4700-2F (7-65) 








WHEN DISCOVERED = 


UNITS COMPLETED — | | | 
© READY TO PICK UP (v) | | 
DELIVERED (v) |v 


12343567) 99101127) M 15 W 1 1 10 28 22 22 23 24 2$ 26 27 28 29 20 31 32 33 3 35 J38 31 J8 I8 48 41 42 43 06 46 40 47 48 40 99 St 52 53 54 55 56 57 SB 59 48 6) 62 63 64 05 60 67 66 00707; 72 73 4 7576 7710 7900 
606048-0 BSC 

















WORK SUPPLEMENT 





17.81 F 
Figure 3-20.— Examples of Work Supplement Card, OPNAV Form 4700-2F. 
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WORK SUPPLEMENT 






OPNAV FORM 4700-2F (7-65) 





WORK SUPPLEMENT 


OPNAV FORM 4700-2F (7-68) 


z 
š 
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D320| 03880 0057 E ZQO1040 | 81A 190 
pec — jw O 


| ADM ORG o SHP — [3 MCN jeta BP 


9 MAL — RO ONS | 

REMARKS: X - DO NOT ENTER IF SAME AS ABOVE 

64C 

MANUFACTURE IMPELLER 

PATTERN. SAMPLE £ 

BLUE PRINT PROVIDED. 

CASTING TO BE MADE 

OF MONEL, 


WHEN DISCOVERED =| | 


UNITS COMPLETED 


MANHOURS (TENTHS) |o o íz o 
READY TO PICK UP (v) | | O O O O OOO 
i s 


DELIVERED | /) 


123465967 8$ 91017172 32 M 15 M 07 11020 21 22 23 24 2$ 26 22 28 29 39 31) 32 33 3 35 28 22 20 38 40 41 42 43 04 OS 48 4) 48 40 50 51 52 53 54 SS 08 57 36 59 08.61 62 62 64 6$ 08 67 006 0800 001 72 73 4 75 78 77 78 7900 
686040-0 0SC 





5. 
9. 
10. 
n I 
12. 
13. 
E 
Lies 






















REMARKS: @4C 
MANUFACTURE 


IMPELLER PATTERN 





4 
5. 














9. 

10. WHEN DISCOVERED — x: 

11. 

'12.|UNITS COMPLETED Dd 3 
13, 

aM 

E 


0 
^ 
0 


MANHOURS (TENTHS) | O mae 
READY TO PICK UP (v) | | 
DELIVERED | /) = 


1234561) 06 9811121 M 15 11 18 19 20 21 222 N 2$ 26 27 28 2 30 31 32 33 26 38 28 2.20 I8 40 41 42 43 44 46 06 4] 48 48 50 51 52 53 54 S5 50 57 38 20 00 61 62 63 64 05 90 € 66 G3 )@ 0 7223 M 75 6 7770 M 00 


REMARKS: 
REPLENISH $S CAROS 


© 


1213435618 9101121 14 15 W 17 W 19 20 21 2222 A 2$ 26 27 28 29 29 22 22 2. B 38 J7 29 20 48 41 42 43 44 46 08 47 48 48 50 54 52 53 54 35 38 57 59 50 08 6i 62 63 64 65 06 € 68 607071) 72 73 4 7578 7770 7980 
606040-0 BSC ` 
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Figure 3-20.— Examples of Work Supplement Card, OPNAV Form 4700-2F — Continued. 
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June 1968. Part D shows how a lead work center 
(81A) requests an assisting work center (64C) to 
perform a maintenance action. The job to be 
done is described under Remarks. Part E indi- 
cates that the maintenance requested (part D) 
documented 4 manhours by the assisting work 
center (64C). Part F shows how work center 
81A requested data services to produce five addi- 
tional cards for the maintenance action. 

When a repair job is completed, sheet 3 of 
the work request is completed by the lead work 
center, (See figure 3-19.) It will be noted that 
several entries are made on sheet 3 that do not 
appear on sheets 1, 2, and 4. The man performing 
the maintenance in the lead work center signs 
sheet 3. An inspector from the requesting activity 
is contacted for finalinspection and signs the work 
request. After obtaining the signature of the in- 
spector, the lead work center supervisor for- 
wards the completed work request (sheet 3) with 
the final work supplement card (4700-2F) attach- 
ed, to his division officer. The division officer 
or designated representative reviews the com- 
pleted action, removes and destroys sheet 2 
from the active file, and forwards sheet 3 with 
the attached work supplement card to the repair 
office. The repair office files sheet 3 as a per- 
manent record in the ship work booklet, and 
destroys sheet 4. 


Note; Repair ships do not document equip- 
ment down (block E) and equipment time (block 
20) when working from a work request. The re- 
questing activity documents these entries on 
OPNAV Form 4700-2D. 


Data services keypunches the complete infor- 
mation from the final Work Supplement Card, 
noting the completion of the work request, and 
processes it into the Maintenance Control Re- 
ports. 


Material Usage and Cost Data 


Documentation of material usage and cost 
data on maintenance transactions requires the 
joint effort of the ship’s supply and maintenance 
personnel. The form used to document material 
usage and cost data is determined by the action 
involved and the source of material. 

The reverse side of the OPNAV Form 4700-2 
Series is used by maintenance personnel to re- 


port material obtained from outside normal 


supply channels. Items to be reported include 
parts and material obtained from pre-expended 
material bins; items obtained by cannibalization 
or from salvage that can be identified by a part 


number or federal stock number; andconsumable 
materials, such as lumber, sheet metal, and bar 
Stock used for manufacture work. When there is 
doubt about reporting an item, it is reported. 
Information for the entries is generally available 
to maintenance personnel. When required, supply 
personnel assist in obtaining information. 

The type of document used to record material 
usage and cost information of parts obtained 


through normal supply channels aboard ship is 


determined by the availability of automatic data 
processing equipment. NAVSANDA Form 1250, 
Single Line Item Consumption/Management Docu- 
ment (Manual), isusedtoissue materialinternally 
on ships which do not have automated supply 
records. Ships with automated supply records use 
DD Form 1348, DOD Single Line Item Requisition 
System Document (Manual). (See fig. 3-21.) 

The DD Form 1348 is completed and proces- 
sed by supply personnel, using certaininformation 
provided by maintenance personnel. The type of 
information required of ship's force is shown in 
figure 3-21. The type of information required 
from repair departments is the same as for 
ship’s force, except that information for block 
0 (type availability must be supplied. The flow 
of a DD Form 1348 for issue of material in 
direct support of maintenance is shown in figure 
3-22. 

Issues of materials which do not directly in- 
volve a maintenance action are not reported in 
the MDC system. 


Repair Activity Reports 


The reports described in this section are 
machine produced by data services for use in 
maintenance planning and control. 


MAINTENANCE CONTROL REPORTS.—The 
Maintenance Control Report 1 (MCR 1) is a ma- 
chine report produced from sheet 2 of OPNAV 
Form 4700-2C and any other 4700-2 series 
maintenance forms containing the same mainten- 
ance control number. This report is produced by 
maintenance control number, within ship, within 
repair activity workcenter. This report, normally 
produced twice weekly, is for the use of the 
repair officer, division officers, and work center 
supervisors. 

A portion of a sample MCR 1 is shown in 
figure 3-23. The sample report displays, as of 
25 June 1968, the status of jobs requested by 
various ships, for which the foundry work center 
81A, has primary responsibility. The numbers in 
parentheses to the left of the SHIP column are 
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EDITING DATA 
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MENT NUMBER 
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ITEM 
MENT ( MANUAL ) 








ADVICE | 
22 ——— 5 
Soc una le STOCK NUMBER Id | [o 
e —33 QUANTITY o 
IOENT.|UEN- | ese Fim — [javor' |Z 2 Zleceersmonca] oare | semar IE] antes. |Z 


eeu] QUANTITY EE ELTE NUR — = 





ipe moe |ne] ire redit] U — 


REQUISITION — FROM: 


, &1A 











DOCUMENT NUMBER | [sereni |. 


— T et NUMBER 


— QUANTITY 


1 AUG 6i 


E 


OD FORM 1348 (6-PT) 


BLOCK ENTRY BLOCK ENTRY 
*B Requesting Work Center O Type Availability 
*l,5&6 Federal Stock Number *P&Q EIC (To the lowest designated assembly) 
T . Unit of Issue R Federal Supply Code for 
*8 Quantity Manufacturer (FSCM), if 
1T Fund Code No FSN 
18 Cog Symbol *S Manufacturers Part Number 
L Unit Identification Code of Tended Ship (If No FSN) 
*M Maintenance Control Number T Unit Price 
N Material Issue Date *U Reference Symbol 


* Information for these entries will be provided by Maintenance Personnel 


43.24 


Figure 3-21.— DD Form 1348, Maintenance Data Entries for Repair Departments 
on Ships with Mechanized Supply Records. 


for use only in presenting the following explana- 
tions of the report; these numbers do not appear 
on an actual report: 


1. Line 1 indicates that USS Stormes (03880) 
Machinist Mate in the Engineering department 
(EMM) requested that one main condensate pump 
impeller be manufactured due to the present one 
being cracked. The tender accepted the job 
(action taken **X?!) and estimated 20 hours would 
be required for completion. Fifteen hours have 
been documented to this job, leaving 5 hours 
of job backlog. 

2. In line 5, the tender estimated this job 
would require 15 hours; however, 25 hours were 
required. This job is complete, as indicated by 
entries in the FINAL ACTION column and the 
STATUS column. 


ol 


3. In line 6, in the STATUS column, the 
overprint is an indication that final disposition 
of the job has been accomplished. The reason 
for the overprint is that the job was originally 
accepted with modification (ACPT W/MOD), action 
take code ‘‘W’’; therefore, an entryis made in the 
STATUS column for both the initial and final 
action in this case. 

4. The double asterisk figures in lines 7 and 
11 indicate totals for the ship. Line " indicates 
that jobs for USS Stormes (03880) for which the 
foundry is responsible are estimated to require 
129.0 hours; 132.0 hours have been documented, 
and a backlog of 17.0 hours remains. Note that 
the ship's unit identification code always changes 
after a double asterisk total. 

5. The triple asterisk total in line 12 in- 
dicates the total hours for all categories for work 
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MCR1 FOUNDRY 25068 
SHIP TA MNC RWC SER EIC MAL D U S D/DAT S/DAT WC AWC E/HRS D/HRS BKLOGA F STATUS 
(1)03880 E-0057 EMM NRGMCSATPMPEM ZQ01040 190 D 1 G 28068 24068 81A 64C 20.0 15.0 5.0 X 
(2)03880 E-0058 EMM PLAQUES TG16000 000 010 G 28068 24068 81A 24.0 34.0 10.0- X 
(3)03880 E-0059 WEM ASH TRAYS TGOlO00 000 O 5 G 28068 24068 81A 64C 10.0 8.0 2.0 X 
(4)o3 E-0065 ESF DOGWRENCHES ` TGO3000 992 E20 K 28068 24068 81A 64C 40.0 30.0 10.0 X 
(5)03880 E-0070 ESF STANCHION KJO3000 259 G 4 E 28068 24068 81A 15.0 25.0 X P COMPLETED 
(6)03 E-0072 EEM HOUSINGBEARG PCO2010 190 C 1 K 28068 24068 81A 64 20.0 20.0 W P @OmpgymED 
(7) 3 129.0 132.0 17.0 
(8)04311 E-0357 EMM VALVEBODY Zs01020 117 C 1 A 30068 20068 81A NRTS 
(9)04311 E-0358 WEM ASHTRAYS TGOlOO00 000 010 C 30068 20068 81A 20.0 15.0 5.0 X 
(10)04311 E-0360 EMM PLAQUES TG16000 000 015 F 30068 20068 81A 30.0 30.0 X Q COMPLETED 
(11) ## 50.0 45.0 5.0 
(12) mrt 179.0 177.0 22.0 


147.171(18) 


Figure 3-23.— Maintenance Control Report 1. 


center 81A. The total jobs for the period of this 
report are estimated at 179.0 hours; 177.0 hours 
have been documented, and a backlog of 22.0 hours 
exists. It should be noted that backlog and docu- 
mented hours in most cases will not total esti- 
mated hours due to jobs requiring more or less 
hours than the estimate. 


The Maintenance Control Report 2 (MCR 2) is 


identical in format to MCR 1 with the exception 
that its major sort is by unit identification code 
vice work center code. This report, normally 
produced once a week, is for the use ofthe 
repair officer, the ship's superintendent, if as- 
signed, division officers, the squadron com- 
mander, and the ship concerned. 

PRODUCTION REPORT 1 (PR 1). — The PR 1 
is prepared daily for work center supervisors 
and is used to check production and documenta- 
tion accuracy. The report displayed in figure 3-24 
is a PR 1 for work center 81A for 26 June 1968. 
The numbers in parentheses at the extreme left 
are displayed only for ease in explaining the 
report and do not appear on an actualreport. The 
column headings of the report are equivalent to 
the corresponding blocks of OPNAV 4700-2 forms. 
For example, column 5 of PR 1 and block 5 on 
OPNAV 4700-2 forms are for the equipment 
identification code. Explanations of various line 
entries on the report follow: 


l. Line 1 indicates that work center 81A 
(column 6) loaned 3.5 hours (L/HR column) to 
work center 64C (column 7) charged to mainten- 
ance control number 0058 (column 3). | 
. . 4. On line 2, a single asterisk total is printed 
for column L/HR indicating a total of 3.5 man- 
hours is documented for maintenance control 
number 0058 (column 3). 
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3. The figure in line 3 under L/HR followed 
by a double asterisk indicates a total of all 
maintenance actions documented for a particular 
ship (column 2). 

4. In line 5, the 15.0 manhours indicates the 
total manhours documented for the maintenance 
control number 0358 (column 3), and the 15.0 man- 
hours in line 6 indicates the total manhours for the 
particular ship (column 2). A double asterisk in 
column 14 will always indicate a total for a ship. 

9, In line 7, the 0 in columns 11 and 12 in- 
dicates the job is incomplete. 

6. Line 25 indicates that work center 81A 
documented 49.5 hours (column 13 plus L/HR 
column) on 26 June 1968. Had there been entries 
under B/HR column, these hours would not be 
added or subtracted in determining hours docu- 
mented by work center 81A. 


PRODUCTION REPORT 2 (PR 2), — The PR 
2 is produced for each respective work center of 
a repair activity monthly, and is used by work 
center supervisors, the repair officer, and analy- 
sis personnel for various maintenance and man- 
hours utilization applications. The report shownin 
figure 3-25 is a PR 2 for work center 81A for 
the month of June 1968. 


The PR 2 contains the following information, 
reading columns left to right: 


PWC—The work center with primary respon- 
sibility for the accomplishment of the job. 

SHIP—The unit identification code of the ship 
for which the maintenance is performed. 

JCN—The type availability and maintenance 
control number under which the job is per- 
formed. 
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EXAMPLE ADOO 
6 7 1 2 3 4 B 5 
m 81A 64C D320 03880 0058 26068 E  TG16000 
2 
(3) 
(4) 81A D320 04311 0358 26068 E TGOl1000 
(5) 
(6) 
o 81A 64C R340 03875 0125 26068 E  TGO3000 
8 
(9) 814 R340 03875 087 26068 E ZS01020 
(10) 
(11) 
(12) 814 D220 04310 0150 26068 E PCO2010 
(13) 
(14) 814 D220 04310 0155 26068 E KJO3000 
(15) 
(16) 
(17) 814 64C DFO4 01542 0608 26068 E PCO1012 
(18) 
(19) 814 64C DFOL 01542 0627 26068 E 1G13000 
(20) 
(21) 
(22) 81A 6C D320 04,507 0309 26068 E TG28000 
(23) 
(24) 
(25) 


26068 
8 9 10 n1 12 13  B/ms  l/HRS 1, 
04638 000 O O O 3.5 
3.5 * 
3.5 TE 
04638 OO O O O 15.0 
15.0 * 
15.C +t 
04638 992 E O O 4.0 
4.0 * 
04638 117 € O O 6.0 
6.0 * 
6.0 l, OFX +t 
04638 190 C P 2 3.0 
2 3.0 * 
04638 259 G P 5 2.0 
3 2.0 * 
5 5.0 st 
04638 190 C O O 2.0 
2.0 * 
04638 OOO O O 0 3.0 
3.0 * 
5.0 Ht 
04638 OO O Q O 11.0 
11.0 * 
11.0 Ht 
5 26.0 23.5 Wet 
147.172(18) 


Figure 3-24.— Production Report 1. 


SYS—The system and subsystem (first two 
characters of the EIC) code of the equipment 
worked on. 

U/C—The number of like items on which 
maintenance was performed. 

J/HRS—The total manhours documented a- 
gainst the JCN and SHIP listed. 

ASTG-— The work center that assisted the PWC 
in accomplishing the maintenance action. 

B/HRS—The number of manhours of assist- 
ance the assisting work center provided. 

ASTD—The work center assisted by the PWC 
in accomplishing the maintenance action. 

L/HRS—The number of manhours of as- 
sistance the PWC provided to the assisted work 
center in accomplishing a maintenance action. 

DOCS—The number of maintenance docu- 
ments submitted by the PWC during the period 
covered by the PR 2. 


o4 


The PR 2 is sorted by JCN within SHIP, 
within PWC. Note in lines 2, 5, 7, 12, etc., that 
a double asterisk total is printed each time the 
unit identification code changes. Line 8 indicates 
that work center 64C assisted 81A for 20.0 man- 
hours. Line 9 indicates that work center 81A 
assisted 64C for 6.5 manhours. To determine 
total hours documented by work center 81A, sub- 
tract the triple asterisk total under B/HRS 
column (20.0) from the total under J/HRS column 
(245.0), which results in 225.0 manhours docu- 
mented by work center 81A for the month of June 
1968. 


MANHOUR ACCOUNTING SYSTEM 


Used in conjunction with MDCS, the Manhour 
Accounting System is designed to provide local 
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EXAMPLE ADOO PR 2 30068 
PWC SHIP JON SYS U/C J/HRS ASTG B/HRS ASTD L/HRS DOCS 

(1) 2814 01542 EOOl, lA 2h 40.0 

(2) 2h lO .0%* 

(3) 981A 03649 HOOl2 GF 12 30.0 

(4) 81A 03649 H0158 SE 7 30.0 

(5) | 19 60 .018* 

(6) 814 03870 EOO001 AR 6 6.0 

(7) 6 6.019 

(8) 814 03875 KOOlO ZD 20.0 646 20.0 

(9) 814 03875 KOO25 AD 6.5 64,0 6.5 

(10) 481A 03875 KOO38 TA 1 13.5 640 13.5 

(31) 814 03875 KOO57 KR 2 20.0 

(12) 3 60.07t 20.0 20.0 

(13) 814 04301 E0109 AK 2 8.0 

(14) 2 8.093 

(15) 814 OLA7l E0202 KB 1 6.0 

(16) 1 6 Ow 

(17) 81A 04660 GOO58 KB 1 20.0 

(18) 1 20.019 

(19) 3814 52120 GOO2, AB 1 1.0 

(20) 1 1.0 

(21) 814 52171 EO131 AK 3 8.0 

(22) $814 52171 GOl86 FH 2 20.0 

(23) 5 28.0 

(24) 814 52189 E0652 AG 3 8.0 

(25) 814 52189 EO660 AK 3 8.0 

(26) 6 16.0 

(27) 21,5 OFX% 20.0 20.0 17 


Figure 3-25.— Production Report 2. 


management with essential manhour utilization 
data that will promote the effectiveness of per- 
sonnel distribution and assignment. The Manhour 
Accounting System is based on the ‘‘exception 
principle? wherein each deviation or exception 
from the normal working day is accounted for 
and reported. Exception Time Accounting (ETA) is 
a term used synonymously with Manhour Account- 
ing System. The system is intended for use by 
repair type activities, or more specifically the de- 
partment in which repair is the primary mission. 
Basically, ETA accounts for the normal 7-hour 
working day and for overtime beyond normal 
duty hours. A reporting period is a calendar month. 
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147.173(18) 


ETA involves the use of codes, the prepa- 
ration of a Master Roster Listing (fig. 3-26) and 
Master Roster Deck, the preparation and sub- 
mission of Daily Exception Cards (figs. 3-27 
through 3-43), and the presentation of manhour 
data in the form of Labor Utilization Reports 
(figs. 3-45 and 3-46). 


ETA CODES 


ETA codes identify work centers, grades of 
individuals, work assignments, and the categories 
of manhour expenditures for each person reported 
in the system. 
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WC NAME GC LC AH 

81A HOMER F R 002 01 

81A JOHNS J À 002 01 

81A STEWARD M O 003 01 

81A ADAMS H R 003 01 

81A WILSON G G 003 01 

81A JONES A C 005 01 

81A MARSHALL M O 005 01 

81A TAYLOR J B 005 01 

81A EVERINGTON B B 005 01 1386 9x 

81A ANDERSON B A 005 10 

81A LUTZ O B 007 10 

814 PORTER À W 009 10 462 3% 
1848 12% 

147.174(18) 


Figure 3-26.— Master Roster Listing. 


The work center codes listed in Section III 
of the EIC Manual are used. These codes are 
entered in block A of the Daily Exception Card, 


OPNAV Form 4700-2E (fig. 3-27). 


Grade codes are assigned to all personnel for 
E-1 (code 001) through captain (019). These codes 
are entered in block C of the Daily Exception 
Card. 


Labor codes are used to identify areas where 
manhours are being expended, and to what extent. 
Labor codes are divided into three major cate- 
gories: productive, productive support, and non- 
productive. Labor subcodes are also usedto enable 
the maintenance manager to isolate areas where 
excessive manhours are being expended. Subcodes 
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for the major labor code groupings are listed on 
the reverse side of the Daily Exception Card, 
(fig. 3-28). 

There is only one productive labor code—code 
01, direct labor—and no subcodes. Direct labor 
is that directly expended on any equipment for 
which a work center is given maintenance, repair, 
or manufacture responsibility. Labor charged to 
this code includes the time spent on normal servic- 
ing and cleaning of equipment at the end of the 
job or work day. 

Productive support codes identify labor ex- 
pended that supports, directs, or controls the 
direct labor effort; frequently referredto as over- 
head. The codes are: code 10, maintenance admin- 
istration and supervision; code 11, material 
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81A HOMER, F.R. 002 O1 


CHANGE LABOR CODE TO: (v) 
PRODUCTIVE DIRECT NON- PRODUCTIVE. 


Š 
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17.81E 
Figure 3-27.— Temporary labor code change. 


PRODUCTIVE SUPPORT 


Work Center Supervision 
Workload Pilenning/Coatrol 
Sera, 
Drafting 
Analysis 


Department Watcn 
Ship/Base Watch 
Condition Watch 

Military Training 

TAO 


Mess Cooks/Compt. Cleaners 


Vehicle /Boat Operations 
Maintenance Technicol Traning Personnel/Zone inspection 
Ship Equipment Maintenance 
Repair / Weapons Dept. Equip. Maint. NON-DUTY ABSENCE 
Repair/Weapon's Equip. Cleaning 8 
Preservation Medical Absence 
Personal Affairs 
Leave 


Specio? Libert 
Awaiting Work Unouthorized Absence 
Awaiting Parts/Material Confinement 
Awaiting Transportation Non-Judicial Punishment 
Awaiting Assistance 
inclement Weather 


DUTY ABSENCE 


Quarters for Muster/Speciel Sea 
Detail 


NANNANNNN 


0 0-00 AUN 


€85761-0 BSC 





17.81E 
Figure 3-28.— Daily Exception Card, OPNAV Form 4700-2E. (Reverse side). 
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control; and code 12, tender equipment work center 
maintenance. Subcodes used in conjunction with 
productive support codes may be used to identify 
high manhour consumers when a finer breakdown 
is desired. Additional subcodes may be added, if 
necessary, at the discretion of individual com- 
mands. 

Manhours expended in planning, coordinating, 
directing, and controlling maintenance are charg- 
ed to code 10, maintenance administration and 
supervision. See figure 3-28 for listing of sub- 
codes. 

Charged to code 11, material control, are man- 
hours expended in the operation or maintenance 
of tool cribs and bench or pre-issue stockrooms; 
preparation of requisitions; control of inventory; 
and receiving, crating or uncrating supplies, in- 
cluding transportatation and vehicle driving to 
pick up or deliver. No subcodes are prescribed 
for this code; subcodes may be adopted, however, 
when a breakdown of the code is desired. 

Manhours expended maintaining department 
equipment and work centers are charged to code 
12, tender equipment/work center. This category 
includes manhours expended performing daily 
and weekly PMS or preventive maintenance 
checks, equipment cleaning, servicing, preserva- 
tion, cleaning and preservation of work center. 
Corrective or planned maintenance (except daily 
and weekly checks) are documented as code 01 
labor. 

Actions which do not contribute to or support 
the accomplishment of the maintenance mission 
are referred to as nonproductive labor. Non- 
productive codes are: code 20, delays; code 21, 
duty absence; and code 22, nonduty absence. See 
figure 3-28 for listing of nonproductive subcodes. 


MASTER ROSTER LISTING 


The manhours assigned to a work center for 
any given reporting period are established by use 
of the Master Roster Listing (fig. 3-26) in con- 
junction with the Master Roster Deck. 

Each work center prepares an initialroster of 
assigned personnel, listing work center (WC) 
code, name, grade code (GC) and assigned labor 
code (LC) of eachindividual. The roster is screen- 
ed for completeness and accuracy and then for- 
warded to data services. Data services prepares 
a Master Roster Card Deck from the information 
contained in the listing. From this deck, data 
services provides each work center with a Master 
Roster Listing. 

Each work center supervisor verifies the com- 
pleteness and accuracy of the listing. Corrections 
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are made by drawing a red line through the entry 
in error and inserting correct information above 
the incorrect item. The roster is resubmitted 
to data services and the Master Roster Deck of 
cards is corrected, if necessary. This action is 
also taken at the end of each reporting period. 

Assigned manhours (AH) appears on each 
Master Roster, except the initial roster. Assigned 
manhours are computed by multiplying the total 
number of men under each code by the number of, 
hours in a working day (7 hours per. day) ex- 
cluding Saturday, Sunday, and holidays, and then 
multiplying this by the number of working days in 
the reporting period (22 working days). On the 
“Master Roster Listing", shown in figure 3-26, 
for example, there are 9 men (single asterisk) 
listed as code 01, 3 men listed under code 10 
(single asterisk), and an overall total of 12 men 
(double asterisk) assigned to shop 81A. This 
represents a total of 1848 manhours for a one 
month reporting period (22 working days). 


DAILY EXCEPTION CARD 
OPNAV FORM 4700-2E 


After the cards in the Master Deck are veri- 
fied, data services provides 25 Daily Exception 
Cards for each individual on the roster. The pre- 
punched and machine printed cards reflect each 
individual’s work center code, name, grade code, 
and assigned labor code. (See fig. 3-27.) A card 
is prepared at the time a person ‘‘excepts’’ from 
the normal work routine and is completed at the 
end of the exception. Only exceptions in excess 
of 20 minutes (0.3 hr) require the use of a card. 
When the exception is longer than the scheduled 
work shift, the card is completed atthe end of the 
shift and another card is prepared for the re- 
mainder of the exception as an overtime card. 
The most frequent exceptions occur when: 


1. A person is assigned to, or transferred 
from, a work center. 

2. A person performs work other than that 
covered by his regularly assigned labor code. 

3. A person is absent from his work center 
for duties such as ship duties, leave, sick call, 
or special liberty. 

4. A person works temporarily in a work 
center other than the one to which assigned, ex- 
cept a card is not submitted for anindividual who 
is assigned labor code 01 when the labor is 
performed in a work center other than his own 
during regular working hours. Such productive 
labor is recorded and reported in MDCS, but 
an overtime card is submitted by 01 labor code 
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C] X SHORT TERM LOAN TO: 


WORK CENTER COOE 


OPNAV FORM 4700-2E(I-65) 


PRODUCTIVE SUPPORT 
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TRANSFERRED 
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DAILY EXCEPTION CARD 





17.81E 
Figure 3-29.— Overtime work 
in assigned work center 





rsonnel to account for work performed beyond 
ormal working hours. 
5. A person works more hours than the normal 
orking hours in a single day, or when he works 
on what is normally considered nonwork days. 


Various types of exceptions are described 
briefly in the following paragraphs. À sample 
eard is shown for each exception described. 

Temporary Labor Code Change-—this type of 
exception will be submitted whenever manhours 
for an individual are charged to his own work 
center, but to a labor code other than that to 
which he is assigned. This is the most frequent 
kind of exception reporting. See figure 3-27. 

Overtime Work—in Assigned Work Center— 
this type of exception card will be submitted every 
time a person works at his normal job more than 
the scheduled hours during any one day, or when 
he works on a Saturday, Sunday, or a holiday. 
It also applies to a person assigned to Labor 
Code 01 when working overtime in a work center 
other than his own Labor Code 01. See figure 
3-29. 

Overtime Work—Plus Labor Code Change— 
this type of exception card will be submitted 
when a person works overtime in his own work 
center at a job other than his assigned labor 
code. See figure 3-30. 

Overtime Work— Outside of Assigned Work 
Center, Same Labor Code —this type of exception 
card will be submitted for personnel by the 
loaning work center when a person works over- 
time in his assigned labor code but for another 
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work center in the repair department. If an in- 
dividual with an 01 labor code works overtime 
in another work center in maintenance, he must 
submit an exception card to account for overtime 
while his direct labor will be recorded through 
the Maintenance Data Collection System, See 
figure 3-31. NOTE: If an individual works over- 
time in a nonreporting work center, he will not 
show this time as a short-term loan but will 
show a labor transaction within his own work 
center. 

Overtime Work—Outside of Assigned Work 
Center, Labor Code Change—this type of ex- 
ception card will be submitted as a short-term 
loan if the overtime is performed for a reporting 
work center. If the overtime is performed for a 
nonreporting work center, the change of labor 
code will identify the labor transaction and will 
not be considered a short-term loan. See figure 
3-32. 

Loaned Labor—No Labor Code Change—a 
card for this type of exception will be submitted 
by the loaning work center whenever a person, 
other than those assigned labor code 01, is 
loaned to another work center during normal 
working hours to perform work in his assigned 
labor code. See figure 3-33. | 

Loaned Labor—Labor Code Change—this type 
of exception card will be submitted by theloaning 
work center whenever a person is loaned to 
another reporting work center for duties other 
than those covered by his assigned labor code. 
If the manhours are for a nonreporting work 
center, the change of labor code will identify 
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17.81E 
Figure 3-30.— Overtime work— 
plus labor code change. 
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Figure 3-31.— Overtime work— 17.81E 
outside of assigned work Figure 3-33.— Loaned 
center, same labor code, labor—no labor 
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Figure 3-35.— Revision card, 


the transaction and will not be considered a 
short-term loan. See figure 3-34. 

Revision Card—this type of exception card 
will be submitted only when Blocks B and C 
on the prepunched card is incorrect, such as 
a misspelled name or incorrect grade code. 
The word “Revision” will be entered as shown 
in example. See figure 3-35. If Blocks A or D 
are incorrect, the correction must be made by 
using transferred or assigned procedures. 

Transferred Card—this type of exception card 
will be submitted when a person is transferred 
from a labor code, from a work center, or from 
a combination of these. When a person remains 
within the maintenance activity, the losing work 
center will submit a transferred card and the 
gaining work center an assigned card. Both gain- 
ing and losing work centers will enter the number 
of assigned duty hours between the date of change 
and the end of the reporting period in the **hours 
of change?! block. See figure 3-36. 

Assigned Card—this type of exception card 
will be completely handscribed and will be sub- 
mitted when a person is assigned to a new labor 
code and/or a new work center. See figure 3-37. 

Borrowed Card, Personnel Temporarily from 
Outside Maintenance—this type of exception card 
will be submitted whenever a person from a non- 
reporting work center works in the Repair Depart- 
ment. It is completely handscribed. The Work 
Center Code in Block A will normally be 999, or 
the actual shipboard work center may be used if 
more specific information is desired. The Work 
Center Code entered in Block E, **X Short Term 
Loan To," will be the code of the reporting work 
center borrowing the labor. Blocks C and D will 
be left blank. The appropriate labor code under 





which the person is to be employed willbe check- 
ed in Block H. The work ‘‘Borrowed’’ will be 
entered as shown in figure 3-38. 

Correction Card—this type of exception card 
will be submitted when a previously submitted card 
was in error. The entries on this correctioncard 
will be the same as those on the erroneous card. 
The word ''correction" will be written on this 
card as shown in figure 3-39. This serves to 
erase or balance the erroneous labor entry. A 
second exception card containing the correct in- 
formation will then be filled out and submitted 
just as if the original card had not been forwarded. 
The date on the correct card will be the same 
as that on the original erroneous card. 
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Figure 3-36.— Transferred card. 
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Figure 3-37.— Assigned card. 


Replenishment Card—this type of exception 
card will be submitted when the number of pre- 
punched exception cards on hand for an assigned 
person is ten or fewer than ten. Data Services will 
reproduce the card and forward the established 
level to the supervisor. The recommended mini- 
mum replacement quantity is 25 cards. The word 
*Replenishment!' will be entered as shown in 
figure 3-40. 

Handscribed Exception Card for Regularly 
Assigned Personnel—this type of exception card 
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is submitted for personnel for whom the pre 
punched cards have been exhausted and replenish- 
ment cards have not been received; and for per- 
sonnel assigned to maintenance, to a work center, 
or to a labor code for whom an assigned card 
has been submitted, but the prepunched cards 
have not been received. See figure 3-41. ` 

Composite Card (Personnel)—this type o 
handscribed exception card may be submitted 
only when more than one person assigned to the 
same work center and with the same assigned 
labor code have identical exceptions. This type 
of composite card cannot exceed 999.9 hours. 
The word ‘‘Composite’’ will be entered as sho 
in figure 3-42, I 

Composite Card (Hours) —this type of exception 
card will be submitted for ETA when anindividual 
is on leave, TAD, etc., and assigned hours lost to 
maintenance can be grouped on one card for an 
entire period. This card cannot be used for more 
than one individual each time. The word ‘‘Compos- 
ite? will be entered as shown in figure 3-43. 


LABOR UTILIZATION REPORTS 


Manhour Accounting Reports, based on data 
accumulated from Daily Exception Cards, are 
compiled by data services through the use of 
automatic data processing machines. These re- 
ports are designed to provide the maintenance 
managers with manhour information required 
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Figure 3-38.— Borrowed card, personnel temporarily from outside maintenance. 
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Figure 3-39.— Correction card. 
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Figure 3-41.— Handscribed exception 
card for regularly assigned personnel 


to indicate general trends and to present informa- 
tion of a specific nature. Nonproductive excesses 
can be detected early, immediate steps can be 
taken to eliminate the causes, and the time can 
be rechanneled to maintenance production. 

There are three required Labor Utilization 
Reports: Report No. 1, the Daily Labor Exception 
Listing; Report No. 2, The Special Labor Utili- 
zation Report; and Report No. 3, the Monthly 
Actual Labor Utilization Report (3 parts). Ex- 
planations of the columnar headings, common to 
all labor utilization reports are given in figure 
3-44. Reference should be made to the information 
in this figure when studyingthe following descrip- 
tions and illustrations of the reports. 


Daily Exception Listing 


The Daily Exception Listing Report No. 1, 
(fig. 3-45) lists, by name of work center personnel, 
all manhour accounting information from cards 
submitted for the preceding day. The report is 
prepared daily and made available to the work 
center supervisor on the next normal work day 
after the date of the listing. The report may be 
destroyed by the supervisor when the next report 
is received. Typical uses of the report by the 
supervisor are checking reporting accuracy, 
verifying the validity of cards submitted for the 
previous day, identifying manhour losses, adjust- 
ing the work schedule, and monitoring the loss 
of direct labor (code 01) to any other category 
of work on a day-to-day basis. 


The Special Labor Utilization Report No. 2 
not illustrated is optional and is a summary, by 
each department, of the labor codes utilized in 
the first 25 days of the month. The major use 
of this report is to identify abnormal expendi- 
tures of manhours before the next reporting 
period, to see which labor codes require sub- 
coding. The report is made available to the re- 
pair department at least two days before the 
first day of the next reporting period. The report 
may be destroyed when the next report is re- 
ceived. 


Monthly Actual Labor 
Utilization Report 


The Monthly Actual Labor Utilization Report 
No. 3 is a summary of labor utilization for the 
preceding reporting period. There are three 
parts to report. Of these, Part 1 (fig. 3-46) 
is of primary concern to you as the work 
center supervisor. The prime benefit to be de- 
rived from this report is better employment of 
manhour resources. This objective is facili- 
tated by ready availability of consolidated man- 
hour information. Part 2 of the report is used 
by the repair officer. The commanding officer 
uses Part 3 for overall evaluation of manhour 
availability and expenditures related to main- 
tenance operations. The report is made avail- 
able at least by the fourth working day after 
the end of the reporting period and may be 
kept for 3 months for review and evaluation. 


MATERIAL CONTROL 


General information is provided in this sec- 
tion on the control of material required in direct 
support of maintenance actions accomplished 
under the 3—M Systems. Details on procedures 
and requirements for the control of material 
should be obtained from the Maintenance and 
Material Management (3-M) Manual, OPNAV 
43P2 (revised). 

The information provided in this section 
relates primarily to the control of items which 
are reparable. Many reparable items are ex- 
changeable for an identical item or one that 
performs an identical function. Control of re- 
parable material may require action by mainte- 
nance personnel as well as supply personnel on 
both intermediate level maintenance activities 
(tenders/repair ships) and organizational level 
maintenance ships (DD's, SS’s, AKA’s and so 
forth). 
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Figure 3-42. — Composite card (personnel). 
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Figure 3-43. — Composite card (hours). 
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MOLDER 1 & C 


Description 
Name of individual, daily report only. 
Grade code of individual, daily report only. 


Basic work center; i.e., the center for whom the report is 
prepared. 


Basic labor code. The code from which time is loaned or in 
which time is worked. 


Daily reports include manhours newly assigned and/or trans- 
ferred. The letter “S” will follow transferred entries to indi- 
cate subtraction. Monthly reports include original assigned, 
newly assigned, and transferred manhours. 


Regular manhours gained from another labor code of assign- 
ment within the basic work center. Time. is an addition or 
gain to the.labor code. 


Regular manhours lost from labor code of assignment to an- 
other labor code within the basic work center. Time is a 
subtraction or loss to the labor code. 


Overtime manhours expended by personnel of the basic work 
center within the basic work center. Includes overtime job 
change gains within the basic work center. Time is an ad- 
dition or gain to the basic labor code. 


Work center to which time is loaned or from which time is 
borrowed. Type of transaction is determined by column in 
which the manhour entry appears. 


Labor code from which manhours were gained or lost as indi- 
cated by the column in which the manhour figure appears. 


Regular manhours borrowed from another work center. Time 
is an addition or gain to the labor code and work center. A 
corresponding loan transaction will appear in the report for 
the loaning work center. 


Overtime manhours borrowed from another work center. Time 
is in addition or gain to the labor code and work center. 


Regular manhours loaned outside the basic work center. Time 
is a subtraction or loss to the labor code and work center. A 
corresponding borrow transaction will appear in the report for 
the borrowing work center. 


‘Overtime manhours loaned outside the basic work center. 


Time is neither a gain nor loss for the basic work center. 
The time will appear as a gain in the overtime borrowed 
column of the report for the borrowing work center. 

This column is used in the Special and Monthly Actual Man- 
hour Utilization,reports only. The totals indicate the net man- 
hours available for each labor code (**) as well as total net 
manhours available (***) within the basic work center. The 
net actual hours by line entry is determined by accomplishing 
the following transactions on each line: +E+F—G+H+K 
+L—M=0. Entries in this column followed by the letter “S” 
indicate subtraction. 


Date of transaction shown on each line entry, daily report 
only. 


147.175 


Figure 3-44. — Key to columnar headings of labor utilization reports. 
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22 CARNES AA 009 821A 22 32.0 01 12068 
23 * 32.0 
25 d 73.5 73.5 6.0 2.0 -1.3 2.0 6.7 
147.176(18) 


Figure 3-45.— Daily Labor Exception Listing, Report No. 1. 


To fulfill the functions required by the 3-M 
System, shipboard organization and procedures 
have been modified slightly to include: 


1. An Exchangeable Pool for reparables 
aboard intermediate level maintenance activities. 

2. A Supply Support Center (SSC) within the 
supply department of tenders and repair ships 
(optional at the organizational level). 

3. Pre-expended stocks at the maintenance 
level. | 

4. Procedures for the control of internal 
issues of materials in support of maintenance. 


A knowledge of definitions of terms peculiar 
to these changes is essential before considering 
the control of material. 
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DEFINITIONS 


MATERIAL USED IN DIRECT SUPPORT OF 
MAINTENANCE: An item is considered in direct 
support of maintenance when it is used in an 
action to which a maintenance control number 
is assigned. 

REPARABLE: A reparable is a component 
or item that can be returned to an operable 
condition by the use of repair parts and has 
been so designated in technical publications. A 
reparable normally has several cycles of useful 
life dependent upon re-work or overhaul. Repara- 
bles are usually of relatively high value and nol 
in long supply. Reparables consist of both NSA 
and APA items and are generally issued on 8 
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Figure 3-46.— Monthly Actual Labor Utilization Report No. 3, Part 1. 


mandatory exchange basis from the rotatable 
pool. In exceptional situations, with the approval 
of the repair officer, reparables may be issued 
from the supply officer's stocks. 

EXCHANGEABLE POOL ITEM: Anexchange- 
able pool item is one considered to be reparable 
and has provided sufficient service to warrant 
handling on an exchange basis from a centrally 
located pool. Exchangeable pool items are issued 
on a mandatory exchange basis when feasible. 

NRTS-9: NRTS-9 is a classification given to 
a reparable item that is beyond economical 
repair onboard the tender/repair ship and that 
is to be processed for reclamation, salvage, or 
survey, with replacement normally required. 

CONTROLLED EQUIPAGE: Controlled equip- 
age includes selected items which require in- 
creased management control afloat due to any 
one or a combination of (1) high unit cost, (2) 
vulnerability of pilferage, and (3) essentiality of 
ship’s mission. 


(A list of items designated as controlled 
equipage is contained in Appendix 6 of BUSANDA 
Manual, Volumes III and VIII, and NavSo P2478.) 


PRE-EXPENDED MATERIAL: Pre-expended 
material consists of commonly used repair parts 
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and hardware having a unit cost of $10.00 or less. 
Items in a critical supply status are not pre- 
expended. 


EXCHANGEABLE POOL 


An exchangeable pool is established aboard 
all tenders and repair ships for the support 
of the repair departments of the intermediate 
level maintenance activity as well as the organi- 
zational level ships served. The primary purpose 
of the exchangeable pool is to provide a facility 
for the exchange of items of a reparable nature 
that have been turned in for repair. The use 
of this facility allows for more rapid response 
by the repair department to the requirements 
of the ships being served. Downtime is reduced 
and therefore readiness increased, in many 
situations by theimmediate exchange of a defective 
item for an operable one. This procedure also 
allows for more flexible scheduling of the work- 
load in the repair department of the tender/ 
repair ship. 

Type Commanders, in conjunction with in- 
ventory managers, determine and publish the 
specific exchangeable pool items to be carried 
on the tenders or repair ships of their force. 
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This list includes the FSN and the description 
of each item, Exchangeable pool items must: 


1. Be within the repair capability of the 
repair ship or tender. 

2. Have application in a system normally 
supported by the tender/repair ship. 

3. Be an item which has several cycles 
of useful life dependent upon re-work or over- 
haul. 

4. Have an average demand/issue rate of at 
least one per month. 


The exchange facility comprises the exchange- 
able pool items and other reparable items that 
may be in the supply department storerooms. 
Exchangeable pool items are on the supply 
officer’s records. Authority must be obtained 
from the repair officer of the tender or repair 
ship for issue of an exchangeable item. The 
operation of the exchange facility is the respon- 
sibility of the Supply Support Center (SSC) ona 
tender or repair ship. 


SUPPLY SUPPORT CENTER 


To provide material support for maintenance 
actions performed in accordance with the 3-M 
System, the supply department of atender/repair 
ship must: 


1. Provide material support to the repair 
functions of the ship and to the ship itself. 

2. Provide material support to organizational 
maintenance level ships as required. 


To fulfill these requirements, a Supply Support 
Center is established within the supply department 
of each tender/repair ship. The SSC is responsible 
for: 


1. Serving as the initial point of contact 
for maintenance material requirements in the 
ship. 

2. Preparing and processing internal requests 
for issue of material required in direct support 
of maintenance. 

3. Providing requisition status to maintenance 
personnel on not carried (NC) and not in stock 
(NIS) requests. 

4. When directed, delivering and picking up 
material as required for maintenance support. 

5. Replenishing pre-expended bins. 

6. Operation of exchangeable pools. 

7. Providing technical research identification 
of material required in direct support of mainte- 
nance. 

8. Maintaining status information on ex- 
changeable items in a repair cycle. 
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9. Disposition of exchangeable items which 
are beyond economical repair. 


The establishment of an SSC is not mandatory 
for ships at the organizational level. The concept 
may be adopted at that level, however, to con- 
solidate functions already being performed andto 
provide a single point of contact between mainte- 
nance personnel and the supply department. 


PRE-EXPENDED MATERIAL 


Maintnenace work requires the use of large 
quanitities of low cost material such as nuts, 
bolts, screws, and washers. The normal issue of 
such material is costly in terms of manhours 
and paperwork. The bulk pre-expending of certain 
material and the location of it in maintenance 
spaces provides savings in maintenance manhours 
by reducing (1) paperwork and (2) waiting time 
for material. Pre-expended bins of material are 
generally used in intermediate maintenance level 
ships; the use of such bins is authorized in 
organizational maintenance level ships. 

Pre-expended bins are established by agree- 
ment between the supply officer and the depart- 
ment head concerned. Individual departments are 
responsible for maintenance, replenishment, and 
housekeeping of pre-expended bins and for pre- 
venting the abuse of such material stocks. The 
supply officer ensures that adequate stocks of 
material are maintained in ship’s storerooms for 
backup of pre-expended material issued to indi- 
vidual departments. | 

Pre-expended bins are replenished by use of 
the NAVSANDA Form 1250, clearly marked 
**Pre-expended Material.” Pre-expended materi- 
alis charged at the time of issue to the depart- 
ment maintaining the pre-expended bins. Issues 
of such material, for maintenance data collection 
purposes, is reported on the NAVSANDA 1250 
charged to a special Equipment Identification 
Code (X000000) established for this purpose. 
This EIC is used to report pre-expended material 
not specifically identified to a system or equip- 
ment. The use of pre-expended material is 
recorded on the reverse side of the OPNAV 4700-2 
series document by maintenance personnel. 


INTERNAL MATERIAL ISSUE 


On organizational maintenance level ships, 
requests for issue of material to be used in 
direct support of maintenance are prepared 
by supply personnel from information provided 
by maintenance personnel. On tenders/repair 


MOLDER 1& C 


*UIo3I ƏAT199J9D JO aSueyoxe joedIq —*LP-E eqn2pq 


eng ejqoiiodey e6uoqu»q u; «do» wojjel erg. *6 (ad 9) grt IGO exded - 555 
*e^noju0sSJdo) 104u97) L10ddnc 


Addas oi sados uses6 puo “|ou!6:Jo "ISS O4 isenbe: JOm 10A1|Əp - eAJIDIU9t91dəJ s, diuc 
“wey; pe6unyoxe əA!6 "ants! exou - wooses0ys  *g 


sejdo» jjo uo A epo» uexo, 
UONDO petu; - 195,0 sjodey °Z | 
8ytiQQ 
Adon 8016) 


OT8°LI 
| | ° |-8)€1QQ JO pi *,20]q u! Wey 0^1420j0p *|-8)tiQQ exodexd 
I 304 die: u6!s “eGodinbe pejjouuoo sj weit ji :sION eBodnbe pej[o1juc0s| wey; j| :@ION 
I WLLL Y '9 S pio» poo2es X49048 əlopdn - JSS “li dius 
| — ere 
(gr£ ioo) Ado» uees6 puo wey; eGuoyoxe ensi; - JSS “Ol eu jo sejdoo Bujujowes puo 
*e^uojuessudey 36$ Aq uo0J00/ Oj wai; 09^,20J0p J6^jj6q *puooq 
i uexoi gyc1Qg Jo seidoo ojje« puo ‘uses6 “jouj6uO */ . uo 1g Kdoo e119 *27-007* 
eBuoqoxe 10 AYNdO :sənbəu xJoA sundesy ° 
° @|!; Weij e@AJ459J9d u! pert Adoo Juig *9 eajsojuesesdas s,dius Aq JSS 
*Ádoo eiu onsec 94 peue^jep we ones 
"enu "wai! e^J26j&p o peuooue gy IGO doo x2oqpuou "c out puo Cg 4doO "ieprooq 
"y 
"t 
I 





.. S321A83S Viva 


70 


Chapter 3— MAINTENANCE AND MATERIAL MANAGEMENT 





- 
J 
i 

ssessososessoeoseose 


*ysanbes 410M ino 
9$0|2 puD $$920Jd 


£; do) 
4senbey YOM 


$32IA3J3S V1VG 





*UI91I o[qeeSueuoxo 9AI199J9D Jo 1Tedoy —^gp-e IMJA 


yo ST 


“ISS ol 
K19^j|0p jo yoosd so 194007 MOM U! 9|!3 


"we [sy JO 
Aeaijep jo jooud 
so DSS OF PAID  *9 


$ 42048 u! 490q e2014 Í 
[420qp.oH : 
‘lereiao ; 





*1sənbeu x10^ Gui jo Eg Ádoo uo qo! 

jjo uBis — 1941005 yoddng Ajddng *| 3i 
pe»x1ou peu»oqp »»oqpaou ayeiQQ uiri 
109400?) uoddnç A\ddang o; u1n401 puo uie! 





: 32o0qpipH - 
: sreioc 








PIDMIO} pup ue915ç i 


£, Ado> 
— 340A. 


Á 





£; «do5 
v — AOM 





Ádo» xuiq 
Sve 10d 





: : wet 

: : —XX 
e do) 

: : i1senboy x10, 


: : 8rtiQQ 
WOO! 3401s 


431N32 YOM QV31 dI HS II vd3u/A3ONGL 








331N32 SAW 
JIHS ui vd33/43QN31 





49409) DAW 94 p.503. "y. 


9^1420J0p eu JIOdel — 19409») YOM poo] °C : 





: "wes! [43 20 ePuoqoxe u! 





i Ado) w0o|[9A 

° Á 

: ereraa | ^ 9 

: 

: ue, pesodes J9ƏAI|9Q °G 
; 

: jpui8140 Kouseq 


"grecia 10ui8120 wos; yl l 1V9S eiopdo * vc 
S erciag 






; *9|1j ,9|245 11odey u! wei] 94142900Q 
ur Əjij °`w94 9^4129J0p jO 1d!ə2591 104 


Ado Jud 
sreido 





ĉ 
*peu2oup x2oqpiuou GYE LAA pub isenbes y10M Oy; jo 
' Ep Adoo yim Suess e^u2ejep Je^j[op puo ə6uouy °| 











wes) 
—RX 


še 
J~ 
T 





331N32 LYOddNS Aldd/NS 


9^14D4UOSSJd0J 104007 HOM POS] OI IALO "Z 


uBis — aAjjojuesesdes 194097) HOM POST  'Z 


71 


MOLDER 1 & C 





*4senboJ MOm 4no 
9$0|2 pub ssə5oud 


€ deae 


isenboy AOM 








S331lA33S VIVQ 





*ITedei [eopurouooe puoÁoeq eq 0} punoj wə}; eptqeesueuoxe SuIss9oorxdq —*6p-g IMJA 
Ve ST 


*sp102€) 49048 Buyyopdn 304 014002 49048 O: gyC OQ 
jour6y10 puomioy  * doo mojak gyciQQ Aousep 
04 woosesoys fj ON] "Á4^20 33048 O} pOO|j;O 


6-SLUIN 
ull 


9^129j)9Q 





*115de1 (p21u0u026e puo/eq ue! 9^14209J0p 10} 


°9|!j ,(39A1|ƏG JO jJOO4d,, SD 191u9O WOM U! 9[13 eəBuouSxə u! @AI1D1U9$S91də91 191U9S HOM POS] Of BAIS 


“DOW 9i £4, Ado) pomoj °f 
*1sənbəu 410m eu jo €g do» uo jjo qo! uBis - 5SS 
'6-S14N Pp9»1Du x»oqpiou gpeiQQ H!M 
SSS ol winjes pup J10deJ [po1uouo2e puoÁeq si 
WO}! 9A1129J9p OY) euruuejep - 19409) »JOM POS] "€ 


32oqpioH 
erciag 
6-SLUN 


u91| 
9A142943 








9^129jeq 
*PJDMIO} PUD uə915ç 


"O11} ,9|245 110doy uj wey 0^120)9Q,, 


u! @|!i “W94! 9^529jJop JO idiə5eu 10) gyc.QQ 
Ádoo xuid uBis - easjoyueseides 104007) HOM poe] 


€, 4do5 


€ dup 
4san p 41senbey AOM 


Y HOM 





*poqu204D 12oqpiou gp€ dd puo isenbe: 40M eu jo 
Cg Adoo u^ "uoi 9^420J0p 129A1|əp puo eBupuy 






wes) 


04112059 —R 









: 32OqP3OH 
: 8»ciOQ 
) N : ; 
dIHS — — l 331N32 AYOM QV31 dIHS II Yd3:4/430N31 331N32 LYONS Adds 








72 
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ships requisitions are prepared by the SSC. 
The DOD Single Line Item Requisition System 
. Document (DD 1348), figure 3-21 is used for 
internal material issues. 


EXCHANGE AND REPAIR OF : 
DISPOSITION OF DEFECTIVE ITEMS 


Any defective item which qualifies for exchange 
| is classified as noncontrolled, controlled, NRTS- 


9 (noncontrolled), or NRTS-9 (controlled). Re- 
gardless of classification, any exchange involves 
procedures related to a direct exchange, and the 
repair of the defective item or the disposition 
of the item if it is found beyond economical 
repair. For each of these situations, the forms 
required, the flow of these forms, and the 
action required at various levels are shown in 
figures 3-47, 3-48, and 3-49. | 
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Chapter 4 





Having the proper equipment and knowing 
how to use it is important. But just as impor- 
tant is the condition in which equipment is main- 
. tained. Maintenance is a continuous process. 
Proper maintenance requires doing a lot of little 
things to keep equipment at peak efficiency. 
Some of the little things include cleaning, ad- 
justing, and lubricating; others are related to 
proper usage of the equipment. Sometimes 
maintenance is concerned chiefly with the re- 
placement of worn parts. In a well organized 
shop, much of that which comes under the head- 
ing of shop maintenance is routine; that is, lu- 
brication follows a schedule, equipment adjust- 
ment is checked and if necessary corrected 
before use; furnace linings are inspected before, 
during, and after each heat; and patching is done 
.when circumstances require. Through scheduled 
maintenance procedures, in which every man in 
the shop participates, minor maladjustments 
are corrected before they develop into conditions 
requiring major repairs. 

This chapter includes information on refrac- 
tory materials and the maintenance and repair 
of furnaces. At this point, let'S consider what 
knowledge you may gain from reading this chap- 
ter. Ask yourself the following questions: What 
do I need to know in order to set up a mainte- 
nance program? What do I need to know about 
refractory materials in order to make a selec- 
tion for relining furnaces? Finally what do I need 
to know about repairing foundry furnaces? After 
carefully studying this chapter, you should be 
able to answer the above questions. 


MAINTENANCE PROGRAM 


What can you do to ensure that the equipment 
in your shop receives the care that it deserves? 
Establish a maintenance program. Then see 
that the program is carried out. No two foundries 
are arranged in exactly the same way or, for that 
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matter, equipped with identical tools; the main- 
tenance program must be designed locally to meet 
local needs. The requirements prescribed by the 
Maintenance and Material Management (3-M) 
Manual, OpNav 43P2, must be applied to the 


equipment maintenance program. 


MAINTENANCE AND SUPERVISION 


Although the work involved in routine main- 
tenance of equipment is usually done by strikers 
and lower rated men, the responsibility for train- 
ing these men is that of the leading petty officer 
in charge of the shop. The procedures set up will 
be as effective as the supervision and leadership 
given to the men who perform the work. Unless 
they understand the importance of thorough lubri- 
cation, accurate adjustment, and proper use of 
equipment, andcarry out the specified procedures, 
the maintenance program will have little value. 
If, as a foundry supervisor, you make the per- 
formance of proper maintenance a habit with 
your men, you will reduce the number of break- 
downs. In addition, the final product, the casting, 
will consistently be of higher quality. 

It is not our purpose here to describe the 
multitude of tasks included in shop maintenance. 
For the most part, you are already familiar with 
the equipment available in Navy foundries; you 
have operated, lubricated, and repaired the 
equipment. It is important, however, to know 
that the manufacturer furnished a technical man- 
ual, or instructions, with each piece of equip- 
ment installed in the foundry. These manuals, 
or instructions, contain details for installing, 
operating, cleaning, lubricating, and adjusting 
the equipment in question. In addition, each 
manual contains a repair parts list, an assembly 
drawing showing the location of parts, a wiring 
diagram, maintenance instructions, and fre- 
quently a list of pertinent safety precautions. 
Prolong the life of tools by following the manu- 
facturer’s instructions and be sure that tools 
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are never used in excess of their designed 


capacity. 


AREAS OF MAINTENANCE 


The areas of maintenance are very important 
in order to maintain equipment in top operational 
condition. One area of maintenance is preventive 
maintenance. This area includes changing oil, 
greasing, cleaning, inspecting, and operation. 
At first glance, the relation between operation 
and preventive maintenance may not be too obvious 
but if you can consider what the result would be 
because of improper operation of equipment, it 
then becomes apparent that if the equipment is 
to give a long period of useful service, proper 
operation is mandatory. To make it more ap- 
parent, preventive maintenance is performed on 
millions of automobiles each day. Taking your 
automobile to the service station for an oil 
change and lubrication is preventive maintenance. 
Another example of preventive maintenance is 
state inspection of automobiles. Here inspections 
are made for excessive worn parts and defective 
parts. An example of this is the removal of the 
front wheel for the purpose of inspecting the 
brakeshoes for lining wear. At this point, let's 
say preventive maintenance is not performed and 
then analyze what the results might be. First 
of all, brakeshoe linings are designed to last 
only for a short period. If the lining wears out, 
the brakes may become inoperable and unsafe. 
The depletion of lining material would allow 
metal to metal contact between the brakeshoes 
assembly and the wheel drum. This in turn would 
scar and gouge the drum surface causing addi- 
tional defective parts. If you relate this to shop 
equipment, the equipment would be out of com- 
mission until repairs could be made. If a vital 
piece of equipment is involved such as a foundry 
furnace, the entire shop may have to stop pro- 
duction until repairs are made. Therefore, in- 
spection is a part of preventive maintenance. 

The other area of maintenance is corrective 
maintenance. This is the sum of those actions 
required to restore equipment to an operational 
condition. In the preceding paragraph, concerning 
brakeshoes, the replacement of brakeshoes and 
the repair of or replacement of the drum, would 
be corrective maintenance. In other words, a mal- 
function has occurred and repairs are necessary 
to restore the equipment to an operational con- 
dition. 

To aid in the efficient accomplishment of pre- 
ventive and corrective maintenance, you must 


TO 


train your men in equipment operational pro 
cedures and repairs. Then reinforce the trainin 
by posting step by step operating instruction 
on or adjacent to the equipment. 

The preventive maintenance of foundry equip 
ment is conducted in accordance with the 3-! 
System. (For information on scheduling preven 
tive maintenance, refer to chapter 3 of thi 
oourse.) 


It is possible that the planned maintenanc 
prescribed by the Planned Maintenance Syster 
(PMS) may conflict with that prescribed in othe 
documents such as the NavShips Technical Man 
ual. Should this happen, it must be remembere 
that the PMS supersedes and takes precedenc 
over ANY and ALL documentation that may be i 
conflict with it. 

A word of caution is needed at this point. Th 
maintenance of all motors, generators, trans 
formers, switchboards, and control panels i 
the responsibility of the electrician. Lubricat 
ing, adjusting, cleaning, and repairing electrics 
















trical officer. This man will be around at re 
ular intervals to inspect and service all of th 
electrical equipment in the foundry. 

Insofar as electrical equipment is concern 
you have the followingresponsibilities: (1) prop 
er equipment operation; (2) condition of are 
around electrical gear; and (3) knowledge that 
electrician responsible for your electricalequip 
ment has made his maintenance inspection 
Above all, do not permit your men to greas 
or lubricate motors or generators, or to cle 
and adjust switchboards and control panel 
when maintenance of this type is required, chec 
with the Chief Electrician's Mate. 


MAINTENANCE AND REPAIR OF 
FURNACES 


Many kinds of equipment, materials, 
techniques are involved in the production of 
casting. All are important, but few are mo 
important than the furnace. If a furnace is 
function efficiently, it must be maintained 
accordance with the applicable manufacturer 
technical instructions. The sections which foll 
provide general information on furnace lini 
and the replacement of furnace parts. 
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FURNACE LININGS 


It is quite likely that you will spend more 
time patching or relining furnaces than on all 
other maintenance jobs. This is understandable 
though. Furnace linings are subjected to high 
in-service temperatures and severe stresses 
during the melting operation. In fact, the wear 
and tear is so great that furnace linings require 
almost constant attention. 


Lining life, in terms of days or weeks, is not 
only related to the frequency and kind of heats 
run, it is also related to the care exercised by 
the furnace operating crew. Good melting prac- 
tices which include charging, working the heat, 
fluxing, and tapping the heat at the proper time, 
contribute to lining life. Just as important, 
though, is the post-melting care that the furnace 
receives. Completely draining all metal from 
the furnace, removing all slag from the lining 
surface and hearth, allowing the furnace to cool 
to room temperature slowly at the end of the 
day's work, and patching broken or worn spots 
as they appear, also contribute to increased 
lining life. A lining kept hot continuously will 
outlast by far one which is permitted to cool 
and heat alternately. Thus, lining life can be 
substantially increased if all heats for the day 
are made without permitting the furnace to cool 
until the day's melting is complete. Factors 
further influencing the life of a lining as well as 
its suitability for use are (1) the materials used 
to make the lining, and (2) the manner in which 
e lining is installed. We will consider these 
actors in the subsections which follow. 




















efractories: Function and Properties 


Since furnace linings play such an important 
art in foundry work it may be profitable to con- 
ider briefly the general characteristics of re- 
ractory. materials, the several kinds of refrac- 
ories used by the Navy foundryman, and, in 
assing, define the terms commonly used to 
pecify refractories and to describe their be- 
avior in furnace linings. 


The function of a refractory lining, whether 
is in a foundry furnace or a modern naval 
oiler, is to protect the metal casing and to re- 
ain the heat produced, with a minimum of heat 
oss. To perform this function satisfactorily, a 
efractory material must have certain charac- 
eristics: minimum and uniform dimensional 
hanges with temperature changes; resistance 
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to thermal and mechanical shock (shock arising 
from heating or cooling, and shock due to jar- 
ring or bumping); and resistance to such thermal 
effects as spalling, slagging, and fusion. Addi- 
tional characteristics of lining materials are 
density, porosity, modulus of rupture, thermal 
conductivity, load resistance, and resistance to 
abrasion and erosion. 


SPALLING is the in-service cracking, crum- 
bling, or breaking of a refractory material due 
either to thermal or mechanical causes in which 
parts of the lining separate or fall away from 
the main body and thus expose new surfaces. It 
is usually expressed as the percent loss in weight 
of material after having been exposed to stand- 
ard conditions at a given temperature. In a 
standard test, a good fire clay brick has a maxi- 
mum weight loss of 5 percent due to spalling. 


SLAGGING is the formation of a liquid at a 
high temperature. It is the result of a chemical 
reaction between the refractory material and 
external fluxing substances. A  refractory's 
resistance to slagging depends on its chemical 
composition, density, porosity, the in-service 
temperature, and the chemical composition of 
external substances; i.e., the metal being melted, 
the fluxes used, and, in the case of nonelectric 
units, the combustible fuel. For one set of ex- 
ternal conditions, a particular refractory may 
have excellent resistance to slagging; for an- 
other, it may slag excessively. 


FUSION refers to a change of state (from 
solid to liquid) that occurs in a substance when 
heat is applied. This change of state, however, 
does not occur at any particular temperature in 
a refractory. Rather, the material progressively 
softens over a wide temperature range until it 
becomes fluid enough to flow under its own 
weight. An index to the refractoriness of a ma- 
terial, the pyrometric cone equivalent (PCE), is 
based on the fusion or flow point of a material. 
A particular refractory’s PCE is the number of 
that standard pyrometric cone which flows at 
approximately the same temperature as the ma- 
terial in question. 


In the determination of a material’s PCE, the 
material is first ground to a fineness of 60-mesh 
and then formed into a cone of standard size. 
Next, this sample, together with a series of 
standard pyrometric cones, is subjected to heat 
under a definite time and temperature schedule. 
When the oven temperature is sufficiently high, 
the specimen softens, and its tip bends over, 
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touching the supporting plaque. At the same 
time, one of the standard pyrometric cones usu- 
ally reacts in the same way. The number of the 
standard cone whose tip touches the plaque si- 
multaneously with the test specimen is the PCE 
of the refractory under test. Pyrometric cone 
equivalent numbers range from less than 1 (i.e., 
022, 021, down to 01) up to 38. The larger the 
number, the more refractory the material. With 
few exceptions, refractory materials are spec- 
ified by their PCE. 

The strength properties of refractories are 
usually described by their modulus of rupture 
and load bearing resistance. 


MODULUS OF RUPTURE refers to a refrac- 
tory material's ability to resist a transverse or 
crosswise force. This characteristic is deter- 
mined by measuring in pounds per square inch 
the transverse load required to cause failure in 
a specimen when tested under standard condi- 
tions. 


The LOAD BEARING RESISTANCE or com- 
pressive strength of a refractory, on the other 
hand, is its ability to resist deformation when 
subjected to a compressive load under specified 
conditions of time and temperature. Although 
modulus of rupture and load bearing resistance 
are terms commonly applied in industry to de- 
scribe a refractory’s strength, the Navy uses 
modulus of rupture more frequently. 


The DENSITY of a material is an index to the 
concentration of matter in a unit volume. It is 
expressed in pounds per square inch or in grams 
per cubic centimeter. As indicated earlier, density 
is one of the factors that contribute to a 
refractory’s resistance to spalling. Another 
factor related to spalling is POROSITY, or the 
ratio of the volume of void space to the total 
volume of the substance. 


THERMAL CONDUCTIVITY refers to the 
quantity of heat energy, in British thermal units 
(B.t.u.), transmitted through a standard test 
specimen of the refractory material. (One B.t.u. 
is the quantity of heat required to raise the 
temperature of 1 pound of fresh water 1° F. 
when the water is at maximum density.) To 
determine thermal conductivity a square foot of 
refractory material l-inch thick is made up and 
subjected to heat under standard conditions. 
The quantity of heat in B.t.u.’s that flows through 
the specimen per hour per degree Fahrenheit 
difference in temperature between the faces of 
the specimen is the thermal conductivity of the 
refractory tested. 
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In common with practically all materials, 
refractories respond to temperature fluctuations 
by a change in volume and linear dimensions. 
This change, when it is not of a permanent nature, 
is known as THERMAL EXPANSION, It is ex- 
pressed as the coefficient of linear expansion 
or the amount of expansion per degree tempera- 
ture change per unit length. Behavior of this 
kind is at a minimum in a satisfactory refrac- 
tory. 


But more important than thermal expansion 
is the PERMANENT VOLUME CHANGE exhib- 
ited by a refractory after having been subjected 
to a high temperature. Dimensional changes 
which occur in thermal expansion are temporary 
in that the material returns to its original size 
when the temperature is decreased. Permanent 
volume change, as the term implies, is the per- 
cent change in size (plus or minus) of the ma- 
terial after having been heated to a specified 
temperature. The maximum permissible change 
in volume for plastic fire clay is -2 percent at 
2500? F. For a grade A, high alumina brick, 
the permissible permanent volume change when 
heated to 2912? F. is from +3 to -1 percent. 

Two other characteristics of a satisfactory 
refractory are resistance to abrasion and ero- 
sion. ABRASION is the wearing away of the 
surface by the action of moving solids. ERO- 
SION is the wearing away of the refractory sur- 
face by the washing action of moving molten 
metals and slags. 

The extent to which a refractory must pos- 
sess particular characteristics depends on the 
in-service conditions to be met. Some operat- 
ing conditions are so varied, many kinds of re- 
fractories are on the market. For the most 
part, though, refractory materials may be clas- 
sified into three major groups on the basis of 
their chemical reaction when subjected to high 
temperature. These groups are acid, basic, and 
neutral refractories. 


ACID refractories contain an appreciable 
amount of free or uncombined silica, which is 
the chemical name for ordinary sand. The most 
strongly acid of the various refractories is silica 
brick, composed almost entirely of free silica. 
To the extent that their silica content is lower, 
fire clay refractories are less acid than silica 
brick. In fire clay refractories, the silica con- 
tent ranges from about 70 percent in some 
grades down to 60 percent in others. Since the 
silica content of high-alumina bricks range be- 
tween 15 and 40 percent in the several grades, 
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they are still less acid than the Navy’s super- 
or high-heat duty fire clay refractories. In 
addition to the high-alumina and fire clay brick, 
such materials as plastic fire clay, baffle mix, 
air- and heat-setting mortars, and silicon- 
carbide materials are also classed as acid re- 
fractories. 

Refractories that react chemically as BASES 
(alkalies) when subjected to high temperatures 
contain lime, magnesia, or forsterite in consid- 
»rable quantity. The silica content is very low. 
l'he principal material in this class is magnesite 
magnesium oxide). It is used principally as a 
lining material in furnaces producing steel by 
he basic process. 


NEUTRAL refractories are those that are 
10t appreciably affected by either basic or acidic 
substances at high temperatures. Materials in 
chis class are plastic chrome ore, zirconium, 
ullite, graphite, and straight alumina. The 
pproximate chemical composition of chrome 
efractories and typical examples from the other 
ajor classes are given in table 4-1. 












efractories: Kinds and Uses 


Most of the preformed standard shapes of 
ining materials listed as standard stock items 
e intended for use in boiler work, but in many 
nstances, these shapes may also be used to 
eline furnaces. In other cases, though, such 
hapes as the zircon end disk or port sleeve for 

electric rocking resistance furnace may have 
o be ordered through open purchase from the 
urnace manufacturer. However, by using a 
igh-temperature hydraulic-setting refractory 
nd casting it in a wood or metal form, it is 
ssible to make any kind of required shape. 


———— —— MÀ — M — — —— —ñ — ——  ——À —— HAJ — —— 


Material 


UJ 


High-alumina fire clay. 

Silica Drick 4.4993 
Magnesite brick 
Chrome ore......... 
Dead-burned dolomite. . 
Silimanite .. 5.29993 
Dead-burned magnesite . 
For sterite 


sO 


1 
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Figure 4-1 illustrates a few of the more common 
Standard firebrick shapes, and figure 4-2 dem- 
onstrates how a special shape may be pro- 
duced through the use of a hydraulic-setting 
refractory cement. 

There are several series or sizes of stand- 
ard brick of the various shapes. When gather- 
ing or requisitioning material for a relining job, 
you'll have to be sure that you have the right 
kinds of material. The dimensional variation of 
arch bricks will serve as an example. A num- 
ber 1 arch brick is 9'' x 4 1/2''x2 1/2''x 
2 1/8'! at A, B, C, and D respectively; the D 
dimension of a number 2 arch brick is 1 3/A4'' 
while that of a number 3 is 1''. If you were to 
obtain the wrong series, the arch or cylinder 
you were attempting to install would not come 
out correctly. How do you know how many of 
what kind of brick to order? Here again the 
manufacturer's technical manual provides the 
answer. The list of material on the lining as- 
sembly drawing gives the details of kind, type, 
size, and the number of refractory brick needed 
to reline a particular furnace. 

The foundry refractory materials coming 
under the heading of PREFORMED SHAPES are 
grade A high-alumina, grade B super duty, and 
grade C high-heat duty fire clay brick. In addi- 
tion, there are standard silica, silicon-carbide, 
and magnesite shapes. The Navy’s high-alumina 
fire clay brick contain between 57.5 and 62.5 
percent alumina (aluminum oxide) which is a 
very refractory compound. Shapes made from 
this material have a PCE of 35, a maximum 
spalling loss of 5 percent, and a minimum 
modulus of rupture of 500 p.s.i. Although they 
are intended primarily for use in naval boilers, 
they may be used in foundry furnaces where a 
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Table 4-1.— Approximate Chemical Composition of Typical Refractory Materials. 
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Figure 4-1.— Typical standard refractory shapes. 


mild acid to neutral lining reaction is required. 
High-alumina refractories are frequently used 
in electric and oil-fired crucible furnaces in- 
tended for melting brasses and bronzes. Other 
fire clay brick is used in cupolas, ladles, and 
various parts of brass and steel furnaces. 

Standard silica shapes are made from ground 
quartzite or ganister and a binder. Their mini- 
mum silica content is 95 percent. These highly 
acid reacting shapes are used primarily for the 
bottom and side walls of furnaces in which steel 
is produced by the acid process. The pyrometric 
cone equivalent of this Navy material is not less 
than 31. 

Magnesite shapes are composed of 75 percent 
dead-burned magnesite and a binder. The prin- 
cipal constituent of this basic reacting refractory 
is a hard, dense, granular material obtained by 
calcining (to reduce to a powder by the action of 
heat) magnesite rock at a high temperature. 
Magnesite shapes have a high PCE, 38, anda mini- 
mum compressive strength of 4,000 p.s.i. They are 
used to line basic steel furnaces. 

Silicon-carbide standard shapes are used as 
door brick in some electric resistor furnaces and 
as bottom brick in some oil-fired furnaces but 
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have few applications elsewhere in the foundry. 
However, as special shapes, silicon-carbide forms 
the inner lining of many oil-fired nonferrous found- 
ry furnaces. It is also the material from which 
many pedestal blocks, crucibles, crucible covers, 
and furnace covers are made.Silicon-carbide has 
a PCE of 37, but incomparison with other refrac- 
tories, it has relatively high thermal conductivity 
which means a longer heating time to attain a 
specified furnace temperature as well as greater 
heat loss through the side walls. As a general rule, 
though, silicon-carbide linings require less patch- 
ing than those made from other materials. 


BULK REFRACTORIES may be considered 
as a second group of refractory materials. This 
group includes plastic fire clay, plastic chrome 
ore, alumina silicate, dead-burned magnesite, 
dead-burned dolomite, air-and.heat-setting mor- 
tars, and hydraulic-setting castable refractories. 
These materials are shipped either in resealable 
metal drums or in 50- to 100-pound bags depend- 
ing upon whether they are wet or dry type 
materials. Plastic and wet type bulk materials 
are those which are ready to use upon removal 
from the drum. Normally, water or other in- 
gredients do not have to be added. With dry 
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Figure 4-2.— Making a special shape 
with hydraulic-setting cement. 
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type materials, however, water in the quantity 
recommended by the manufacturer must be added 
before the material is used. 

Another pair of terms, air- and heat-setting, 
is used to describe bulk refractory material. 
By air-set we mean that quality inherent in the 
material which enables it to harden and develop 
strength at ordinary room temperatures. À heat- 
setting material, on the other hand, is one that 
hardens as a result of vitrification; that is, with 
the application of heat some of the materials 
constituents fuse and change to a glass-like 
substance. 

Not only do these bulk materials differ in 
chemical composition and type (wet or dry, air- 
or heat-setting), they also differ in grain size 
depending upon the use for which the refractory 
is intended. Castables have very fine grains and 
when mixed with the proper amount of water 
have a thick cream-like consistency which fa- 
cilitates pouring. Material mixed to this con- 
sistency is know as a SLIP. The term SLIP, 
is also applied to the material in which a brick 
is dipped before laying up and to the wash applied 
to a boiler wall or a furnace lining. 

The grain size of materials used in troweling 
is almost as fine as that of a castable, but that 
of materials intended for ramming is coarse 
(about 6-mesh). Troweling materials are mixed 
with water to a consistency of a thick mud; plas- 
tic for ramming is mixed to that of a stiff mud. 

Plastic fire clay is similar in composition to 
regular super-duty fire clay brick, but the clay 
bonding material is in a green condition. It is a 
heat-setting material having a PCE of 32 1/2, a 
modulus of rupture of 300 p.s.i. after having 
been heated to 2550? F., and a spalling loss of 5 
percent. This material is used to ram mono- 
lithic linings as well as a ‘‘first aid” for repair- 
ing spalled areas. Plastic fire clay is shipped 
in resealable metal drums. To prevent drying 
out, only the amount of material that will be used 
in a short time should be removed from the 
drum; that which remains in the drum should be 
covered with damp burlap before the drum is 
resealed. 


Plastic chrome ore, like plastic fire clay, is 
a heat-setting material consisting of a mixture 
of plastic chrome, air-setting binder, bonding 
material, and water. It is a neutral reacting re- 
factory and resists extreme conditions and ex- 
cessive temperatures. 

Alumina silicates are available under a variety 
of trade names—Shamva SM-65, Silimanite, Mul- 
lite. Basically, they consist of a high percentage 
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of alumina combined with silica. They are supplied 
as either wet or dry heat-setting refractories, 
having a maximum service temperature of 
3,100? F. Plastic Shamva SM-65 is used for 
repairing foundry ladles. 

A dry heat-setting high-alumina refractory 
material known as Norton RA-162 is used for 
lining electric induction furnaces. Here, the 
alumina content is 86 percent; the silica only 
10 percent. These high alumina refractories 
are neutral to slightly acid at high temperatures. 

Dead-burned magnesite is a dry heat-setting 
material primarily used to repair the linings of 
basic electric steel furnaces. A satisfactory 
material here is Harbison-Walker's Magnamix. 
This refractory consists of small white spheroid 
lumps ranging in size from 5/8'' diameter down 
to very fine grains, and contains 80 percent 
magnesia. This material sinters readily, form- 
ing a homogeneous mass having high resistance 
to disintegration. 

Dead-burned dolomite is a heat-setting dry 
refractory used to repair the working layer of 
the hearth of basic steel furnaces. The principal 
constituents of this basic reacting material are 
calcium oxide or lime (CaO) and magnesia. A 
common commercial product is Basic Refrac- 
tories Magnefer Tarsealed which has a maxi- 
mum service temperature of 3400? F. 

High-temperature hydraulic-setting castable 
refractory is a mixture of heat-resistant clays 
or other alumina silicates and a hydraulic bond 
material. It acquires considerable strength after 
an air-set of 24 hours without being fired. Max- 
imum strength is obtained by firing at 2552° F. 
Although the Navy intends this material for use 
primarily in boiler repairs in ships being in- 
activated, it is also used in the foundry to pro- 
duce poured monolithic linings and special re- 
fractory shapes. Castable refractory has a PCE 
of 32 1/2, a modulus of rupture of 300 p.s.i., 
and a spalling loss less than 5 percent. Its per- 
manent linear shrinkage is less than 1 1/2 per- 
cent. Satisfactory commercial castable refrac- 
tories are Furnas-crete and Firecrete. The 
material is received as a dry mix. After the 
addition of the proper amount of water, it is 
handled in much the same way as ordinary 
concrete. 


In addition to the foregoing bulk refractories, 
air- and heat-setting mortars consisting of fire- 
brick type fire clays are available for lining 
and/or patching foundry furnaces and cupolas. 
When mixed with water, they may be easily 
spread with a trowel: or used as a dip for laying 
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brick. A somewhat similar material made of 
silica and siliceous fire clay is used for laying 
silica brick. 

Occasionally such materials as asbestos lum- 
ber, dry clay, and insulating grog (a nonplas- 
tic material) are used in conjunction with other 
refractories as a fill between the metal furnace 
shell and an inner lining. The clay is also used 
as a wash on the inner surface of the completed 
lining. 


Refractories: General Installation Notes 


Little need be done with preformed shapes 
before you put them to use. But this is not the 
case with bulk refractories. Even the theoreti- 
cally ready for use plastic and wet type mate- 
rials need some attention. Drums of very heavy 
materials like the zircon cement used to patch 
NR-2 resistance furnaces should be turned end- 
for-end periodically, particularly when they are 
brought out of storage and into the foundry. Even 
drums of plastic fire clay that have been in stor- 
age may not be of uniform workability through- 
out. 

Before a new drum of plastic refractory is 
used to install a lining or make a repair, the 
contents of the drum should be dumped on a 
clean surface, cut up in small lumps, and mixed 
with a shovel. It may be necessary to sprinkle 
the heap with water if the plastic is too dry. 
When the material is very hard, cut it into small 
pieces and place it on wet burlap spread over 
the deck. Then spray the plastic with water, 
cover the heap with wet burlap, and allow it to 
stand for 4 or 5 hours, or until it reaches work- 
ing consistency. After this, mix the material 
with a shovel. On the other hand, if the material 
is too soft when removed from the container, 
cut it into small pieces, spread it on deck, and 
allow it to dry out slowly until it reaches work- 
ing consistency. Hard or dry plastic is not 
workable; plastic installed when it is too soft 
will sag or slump. 

Dry bulk materials can seldom be used with- 
out preparation. Even in cases where all in- 
gredients have been prepared and mixed by the 
manufacturer, this preparation amounts to more 
than just adding water. For example, a dry-type 
ready-mixed compound should be prepared for 
use in the following manner: Homogenize the 
dry material by mixing it with a shovel. This 
mixing assures uniformity of the substance by 
redistributing any of the constituents that may 
have separated or settled during shipment or 
Storage. Next, add water and mix the material 
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again. The amount of water used depends upon 
the material and the purpose for which itis being 
prepared. If it is a castable material, 35 to 40 
percent water may be added. On the other hand, 
if the material is to be rammed semidry only 3 
to 4 percent water (3 or 4 pints per 100 pounds 
of dry material) may be required. In any event, 
the water should be added gradually to prevent 
lumping. This precaution is especially applica- 
ble when the materialis fine-grained. Thorough 
mixing is essential. But don't over mix as it 
may result in excessive balling; that is, small 
grains and bonding constituents gather around 
and adhere to larger grains. 

The third step in preparing a bulk refractory 
material for use is to screen it through a No..6 
sieve. The purpose of this step is to break up 
lumps and balls that may have formed in the 
previous operation. Although screening is not 
too essential with mixtures having considerable 
water additions, it is most important for those 
in which the moisture content is about 5 percent. 
After screening, the material should be stored 
from 12 to 24 hours, either in a sealed metal 
drum or under moist burlap or rubber blankets. 
This aging improves the workability of the ma- 
terial. Finally, a short remixing by turning the 
material over several times with a shovel as- 
sures thorough homogenization of all constitu- 
ents in the refractory. 

From what has been said thus far about ma- 
terials, it follows that refractory linings may 
be installed by one or a combination of several 
basic procedures: laying brick, ramming plas- 
tic, and casting. As a rule brick work should be 
layed with cement or mortar having a composi- 
tion similar to the brick itself. Since there is 
usually some loss of mortar it is difficult to 
state precisely the amount needed to lay a given 
job. A good rule of thumb, though, is to esti- 
mate one-third pound of mortar per brick. Then 
add about 5 percent for dipping loss. 

The mortar should be mixed to a dipping (slip) 
consistency. If the consistency is correct, the 
right amount of mortar needed to make the joint 
will adhere to the brick when it is dipped into 
the mortar with a wiping motion. (See fig. 4-3.) 
After dipping, place the brick in the desired 
location. Rub it back and forth in position, then 
push it solidly in place. Mortar of the right con- 
sistency will easily squeeze from the joint, yet 
completely fill it. A good way to check the con- 
sistency of mortar is to set a brick in place, 
then remove it. When this is done, mortar should 
be found over the contact area of both bricks, an 
equal portion remaining on each brick. Another 


MOLDER 1 & C 





AP HE 
uw. 
ai (à E vo 
ore f 
AN Ix 
(P pos 
. Us 7? J 


PTTL A Pe CAE 
£7, DAI. Nerd 
h — OR i 
^ A, yN 
arc +Š 
- "3. ry 


Ç ~ 
Ru c Ë 
virer ppp 
— ^ ww r 
9 " 


s 


: Da c fora Xov 
D 2 — e 


$ A^ S awe Eun o N Pe ee T me . 
BO mae g p ETS: M 
3 : jk or 
Ada = 


` 


18.8 
Figure 4-3.— Dipping a brick. 


check is that the consistency of the mortar should 
be such that it will float a fire brick with ap- 
proximately 1/2'' to 3/4!! showing above the mix. 

In laying brick work the vertical joints must 
be staggered. Joints of insulating and refractory 
courses should not overlap. Although malleting 
is recommended for the second or refractory 
course, it should be avoided on the first course. 
Insulating brick are not as dense nor is their 
strength as great as refractory brick. 

There are three types of ramming material: 
plastic, semidry, and dry. Plastic material (6 
to 9 percent moisture) such as plastic firebrick 
is used for patching and lining cupolas and cru- 
cible furnaces, usually where forms are not re- 
quired. This material should be built up layer 
by layer in a vertical direction. First, cover 
the firebrick with a loose layer of fist size lumps 
of plastic about 1 1/2'' to 2'' thick. Then ram 
hard with a mallet or reciprocating gun having 
a rammer butt between 1 1/2'' to 2''indiameter. 
Pound at a slight downward angle toward the 
furnace shell. Satisfactory density is attained 
when the plastic ‘‘crawls’’ under the ramming 
tool. 

Semidry plastic containing from 3 to 4 per- 
cent moisture is used to install monolithic lin- 
ings in oil-fired crucible furnaces. Wood or 
metal forms are inserted in the furnace to con- 
fine the rammed material and to shape the inner 
surface of the furnace lining. Here, too, the 
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lining is built up layer by layer with loose re- 
fractory about 1/2" to 3/4" thick. Ramming is 
accomplished with a pneumatic tool having a 
rammer butt at least 1 1/4'' square. Avoid 
excessive ramming as it may break down the 
material, which, in turn, may result in flaking 
and the formation of layer cracks. Three or 
four passes with the rammer per layer produces 
maximum uniformity and density. 

A dry ramming material is used to line high- 
frequency induction furnaces. A special transite 
(asbestos) sleeve reinforced by a wood form is 
used to contain and shape the refractory cement. 
The lining is built up of layers 1 1/2'' to 3" 
thick. Two or three passes witha 1 1/4'' to 2'' 
rectangular-butt pneumatic tool per layer is 
sufficient to pack the material. After a dry 
rammed lining has been completed, the wood 
support form is removed but the transite form 
remains in the furnace. This transite form is 
melted out in the first (sintering) heat during 
which the lining matures and hardens. More in- 
formation on linings for induction furnaces, as 
well as other basic furnace types, and the in- 
stallation and maturing of furnace linings is: 
presented in subsequent sections of this chapter. 

Castable refractory may be the solution to 
many foundry-furnace problems. It eliminates 
the use of special shapes and makes a smooth- 
surfaced monolithic lining. Three kinds of mix- 
ing consistency have been used: ramming, pour- 
ing, and tamping or rodding. However, the manu- 
facturer's instructions should be followed when 
selecting the technique to be used with a particular 
castable. 

As a rule, the moisture present in the mixture 
for ramming consistency is not sufficient for 
the lumite (calcium aluminate) binder to develop 
the best strength value. Excess water, on the 
other hand, contributes to decreased strength 
and increased shrinkage. Usually, the tamping 
consistency in which the material can be puddled 
into place gives maximum strength and mini- 
mum shrinkage. 

Except in the  infrequent application of 
hydraulic-setting castable refractory as a ram- 
ming material (usually as a patch on a faultily 
cast section), a form or mold made of wood or 
metal is required. When a permanent metal 
form is employed, as in a crucible furnace, the 
form should be smooth and coated with oil or 
grease to permit easy removal. When a wood 
form is used to prepare a special shape, the 
form should be painted with kerosene or light 
oil to prevent the wood from absorbing the mois- 
ture in the refractory. After the refractory has 
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set for at least 12 hours, the metal form may 
be removed or the wood may be burned away 
without damaging the refractory. 

Since castable refractory hardens rapidly, 
water should not be added until you are ready to 
use it. Further, if the material is being cast 
against a porous substance, the adjacent mate- 
rial should be wet thoroughly; otherwise the 
porous surface will take up water from.the re- 
fractory. When large sections are being cast it 
is not advisable to build up more than 12 inches 
at a time. Even if the section is not so large, it 
should be well rodded with a blunt-edged tool 
before another section is built up. Rodding is 
important because it eliminates air pockets and 
fills all the corners. 

After extensive reworking of castable refrac- 
tory, the furnace must be dried out with low heat 
for 8 to 12 hours. Firing to a high temperature 
may cause spalling or lifitng of the refractory. 


Relining Coreless Induction 
Furnace Linings 


There are two basic kinds of coreless induc- 
tion furnace linings: Monolithic sintered linings, 
and preformed, prefired refractory crucibles 
tamped in a bed of granular refractory. Although 
the crucible linings may be used in either ferrous 
or nonferrous furnaces, providing the proper 
kind of crucible is selected, a sintered lining 
gives the most satisfactory service for melting 
steel alloys. 

With either of these techniques, the first op- 
eration is to knock out the old lining, being care- 
ful to avoid damaging the coil (fig. 4-4). Then 
turn on full water pressure and check the coil 
and hose connections for leaks. This should be 
done each time a new crucible or new lining is 
installed. In addition, check the coil lining for 
cracks. Small cracks should be filled with a 
brush coat of Norpatch refractory cement mixed 
with water to a paint consistency. Larger cracks 
and holes should be patched by ramming a plastic 
mixture of Norpatch into the crevice and smooth- 
ing the surface with a trowel. 

When it it is necessary to renew the coil lining, 
remove all the old material from the coil, and 
apply Norpatch mixed to a troweling consistency. 
Press the refractory firmly between the coil so 
that it squeezes through the other side; then 
trowel the inside of the coil to a thickness of 
3/8". When the inside has been covered, scrape 
off the high spots with a straight edge and fill in 
the low spots. The coil coating should be smooth 
and uniform in thickness. The coil lining should 
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be dried slowly over a 30-hour period with a 
1000-watt strip heater. After complete drying, 
brush on a coat of refractory cement to fill any 
cracks that may have developed during the dry- 
ing process. 

After the coil lining has been repaired, tamp 
a 5'' bed of Norsand granular refractory (or all- 
purpose facing sand) over the firebrick furnace 
bottom. Best results are obtained by tamping 
the sand with a tool having a disk-like plate 5" 
to 6'' in diameter, welded to the end of a steel 
bar. Be sure that the surface of the sand is 
level so that the vertical axis of the crucible 
can be centered in the furnance. When placed in 
the furnace, the top of the crucible should be 
1 1/2'' to 2'' below the top of the furnace. If the 
furnace is to melt nonferrous metals, a clay- 
graphite crucible is installed; if ferrous metal 
is to be melted, a magnesia crucible is used. 
In either case, the lining procedure is the same. 

With the crucible centered in the furnace 
coil, pour sand slowly around the crucible, 
packing it between the crucible and the coil lin- 
ing with a hand rammer. Continue pouring and 
tamping sand until the sand is level with or 
slightly above the coil lining as shown in figure 
4-4. Then, seal the sand in place by ramming 
Norpatch cement (mixed to a ramming consis- 
tency with water) around the top of the furnace. 
Form the pouring lip at the same time that the 
refractory seal is rammed. 

After being rammed in place, the crucible is 
preheated by placing several pieces of carbon 
(large enough to radiate heat) into the furnace 
and operating the furnace on low for an 8-hour 
period. (The temperature should be about 300? F.) 
An alternate method is to place a large electric 
light bulb or a pot of ignited charcoal in the 
bottom of the furnace. In any event, pre-heating 
the crucible and thorough drying of the Normagal 
refractory cement seal is essential. The lining 
procedure outlined will be necessary whenever 
the crucible wall has worn down to five-eights 
of its original thickness. 

A comparison of figures 4-4 and 4-5 indicates 
little difference in the procedures for installing 
a crucible and producing a sintered lining in 
an induction furnace. The same material, Norm- 
agal refractory or all-purpose silica sand, is 
tamped into the bottom of the furnace. For the 
sintered lining, though, the depth of material 
over the insulating brick bottom is 5 1/2''. 
In this case, a transite (asbestos) form furnished 
by the manufacturer is prepared and centered 
in the furnace instead of a prefired crucible. 
This form is prepared by drilling four equally 
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Figure 4-4.— Cross section of a 650-pound induction furnace 





showing installation of a crucible lining. 
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spaced holes about 1/8'' in diameter in the bot- 
tom disk about 1/2" in from the outer edge. 
Similar equidistant holes are drilled inthe sleeve 
about 1'' from the bottom. The disk is fastened 
to the sleeve with soft iron wire. When this 
preparation is completed, the form is centered 
in the coil. Place a 200- to 300-pound weight in 
the transite form to prevent shifting while the 
sides are being rammed. Pour Normagal be- 
tween the form and the coil to a 3'' height. Tamp 
the material firmly with a hand rammer, fol- 
lowed by ramming with an electric or air ram- 
mer. Continue this procedure until the Normagal 
is slightly above the coil, then seal it off and 
form the pouring lip by ramming Norpatch re- 
fractory cement mixed to a ramming consistency. 
Permit this top layer of plastic cement to dry 
before proceeding to apply heat to the furnace. 

When the cement seal and pouring lip have 
dried, remove the weights from the interior of 
the transite form. (If a wood support core has 
been inserted in the transite sleeve, it should be 
removed.) Leave the special transite form in 
place. Charge the furnace for the first heat 
(often called the sintering heat). Low carbon 
scrap or Armoo iron consisting of pieces weigh- 
ing between 1/4 pound and 2 pounds are placed 
compactly in the furnace. Sufficient material 
should be used in this first heat to bring molten 
metal to the top of the transite liner. Before 
applying power, be sure that water is flowing 
through the coils. Details of furnace operation 
are given in the instruction manual furnished by 
the manufacturer. A summary of operating in- 
structions is presented in Molder 3 & 2, Nav- 


With the exception of two points to be noted, 


the technique followed in this first sintering 
heat is similar to that used in normaloperations. 
The exceptions are: (1) the charge is brought 
to the top of the Normagal lining; and (2) the 
metal is held at 3000? F. for a period of 15 to 
20 minutes to permit proper sintering. With the 
application of heat the metal becomes molten, 
the transite sleeve fluxes away, and a thin layer 
from 3/8'' to 1/2'' deep sinters at the face of the 
lining surface—that is, the Normagal undergoes 
a change as a result of the heat and becomes a 
coherent solid mass. The fluxing action assists 
in providing a glazed impervious surface to the 
lining. 

During the sintering heat a slag forms on the 
surface of the metal. With the power off, this 
slag should be carefully skimmed from the surface 
and replaced with lime. After this first heat 
has been poured, inspect the lining. There will 
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probably be some evidence of slag cutting. 
These areas should be patched with Norpatch if 
above the normal metal line and with Normagal 
mixed with sodium-silicate (water glass) ifbelow 
the metal line. 

An alternate method of producing a monolithic 
sintered lining is illustrated in figure 4-6. The 
first step here, after checking the coil lining, is 
to moisten the inner surface of the coil lining 
with sodium-silicate and line it with 1/8'' asbes- 
tos cloth. Then ram a 5-1/2" layer of dry coarse- 
grain Magnorite cement (Norton RM 1169) in 
the bottom of the furnace. Next, place a properly 
dimensioned prefabricated sheet-steel form cov- 
ered with 1/8'' asbestos cloth in the center of 
the furnace coil. Fill the space between the coil 
and the form with solidly rammed dry Magnorite 
cement. Then seal the top and form the spout 
with Norpatch or Magnorite cement mixed to a 
dry-plastic consistency. After the seal and lip 
are thoroughly dry, charge the furnace and apply 
power. When the charge becomes molten, the 
steel form melts, the asbestos fluxes away, and 
the lining sinters. This first heat must be steel. 
Cast iron does not properly sinter the lining. 

Properly installed linings, whether they are 
imbedded crucibles or monolithic sintered lin- 
ings, will give excellent service. One outer 
lining—asbestos lumber, insulating brick, etc., 
indicated on figures 4-4 and 4-5—should suffice 
for from 3 to 4 inner linings. 


REPLACEMENT OF FURNACE PARTS 


The procedures for maintaining and replac- 
ing parts vary from one furnace to another. The 
information which follows is applicable to the 
Detroit Rocking Indirect Arc (N2) Electric 
Furnace. 

When it becomes necessary to change fur- 
nace shells, remove the electrodes, electrode 
brackets (including electrical connections), and 
lift the shell out of the furnace rollers. In replac- 
ing another shell on the furnace base, make 
certain that the shell cam does not injure the - 
LIMIT switch. Keeping the charging door in 
top-center position will minimize this possibil- 
ity. Replace the electrode brackets and check 
the alignment of the electrodes. 


Check the LIMIT and OVERTRAVEL switches 
to ascertain that they are in proper adjustment. 
A mishap can be created by use of the push- 
button with the AUTOMATIC ROCK switch in the 
ON position in checking the operation of the 
OVERTRAVEL switch. 


WOOD SUPPORTS ADAMANT CEMENT 
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Figure 4-6.— A method of lining an induction 
furnace using a sheet-steel form. 


Normally, foundry personnel do not make 
repairs tofurnaces that require replacement parts 
such as gears, bearings, and shaft rollers. The 
foundry supervisor will contact the machine shop 
supervisor and request his assistance for repairs 
of this nature. You may have to explain the oper- 
ation of the furnace so that the machinery repair- 
man will have an overall picture. The machinery 
repairman will then make the necessary repairs 
in order to correct the malfunction. 


The following information is based on the 
qualifications for advancement in rate for repair 
of furnaces excluding electrical phase but in- 
cluding replacement parts. The parts include 
gears, bearings, shaft rollers and door mech- 
anisms, This information is supplementary to that 
given in Molder 3 & 2, NavPers 10584-B. How- 
ever, these parts should be maintained in ac- 
cordance with specific instructions provided with 
the equipment. 


Gears 


When you are required to dismantle gear 
mechanisms, the following factors must be con- 
sidered: 


87 


Chapter 4— MAINTENANCE OF FOUNDRY EQUIPMENT 





1. The gear cases and covers are split for 
easy removal and are provided with eyebolts or 
padeyes for the attachment of slings. 

2. Determine if concealed bolts are used, 
and their location. 

3. Handle parts carefully to minimize dam- 
age to any machined surface (gear teeth, shafts, 
thrusts, journals, and joints). 

4. Use jacking bolts, if provided, to **break?? 
joints of the covers and casting. Scrape and 
clean joint-flanges, if a sealing compound has 
been used. 

o. When removing small parts, mark them 
to avoid delay in reassembling. Place them in 
buckets or other receptacles for safekeeping. 
Clean them before reassembling. 

6. Remove exterior fittings, as necessary, 
before lifting the casing. 

7. If necessary, drain all the oil from the 
gear cases. 

8. Close all openings with blind flanges, or 
tapered wooden plugs, to exclude dirt. Do not 
use waste or rags. 

9. Mark or note marks on mating parts be- 
fore dismantling, to ensure that the parts are 
reassembled in the original position. 

10. When gears are rotated, install and se- 
cure bearing caps. 

11. Unless parts are to be replaced immedi- 
ately, coat them with a light coating of oil to 
prevent rust. 


















In REASSEMBLING GEAR MECHANISMS, 
carry out the following steps: 


1. If bearings are replaced, check for pro- 
per gear tooth contact. 

2. Clean bearing shells thoroughly, includin 
oil inlets and outlets. Remove high spots cause 
by dents. 

3. Bearing shells must be properly fitted an 
must not be turned end-for-end; this is liable t 
close off the oil inlets. 

4. Check thrust collar surface for scratche 
and resurface, if necessary. 

5. Clean lubrication fittings and passages b 
blowing them out with air. 

6. Clean and dry the interior of the casin 
and inspect to see that no loose material is lef 
therein. 

7. Care should be taken when reassemblin 
to assure that bearing caps are tight. (A loos 
bearing cap can cause misalignment of gearing. 

8. After assembly and before coupling th 
motor, turn the gear mechanism manually t 
ensure that it rotates freely. 
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9. See that all bolts and nuts are set up tight. 
Install all the locking devices on the rotating and 
stationary parts, except items such as cotter 
pins and tab lock washers with bent tabs should 
be replaced. 


Bearings 


Whenever a bearing is opened up, it should 
be carefully inspected for ridges, scores, and 
amount of wear. It should be noted whether or 
not the lining of the bearing has remained firmly 
anchored to the shell. If the bearing surface is 
Scored, uneven, considerably worn, or the lining 
loose, the bearing should be replaced with a 
spare. 

Inasmuch as most bearings installed in fur- 
naces are roller and ball bearings, you should 
observe the following precautions which will aid 
in proper maintenance. (NOTE: Shell bearings 
with upper and lower halves, or split, may be 
found on some applications.) 


1. When renewing roller or ball bearings, be 
sure to use the type and grade designated in the 
machinery plans or parts list. 

2. To prevent the entrance of foreign matter, 
leave a bearing in its original container until 
you are ready to install it. (NOTE: The bear- 
ing is lubricated and sealed in a preserative 
bag at the factory.) 

3. When installing roller or ball bearings, 
be sure that the inner race is seated tightly 
against the shaft shoulder. 

4. Keep moisture and dirt away from the 
bearing and its associated shaft and housing. 

5. Unless absolutely necessary, never use a 
piece of machinery if it is known that the bear- 
ings are in poor condition. 

6. Determine the normal runningtemperature 
of each bearing under all conditions of load and 
speed, and investigate immediately any depar- 
ture therefrom. 

7. The rapid heating of a bearing is a danger 
sign. A bearing temperature uncomfortably hot 
to the hand is not necessarily running danger- 
ously overheated. If the bearing has taken an 
hour or more to reach that temperature, it is 
probably safe, but if that same temperature is 
reached in 10 or 15 minutes, serious trouble 
may be expected. 

8. Watch the performance of newly installed 
bearings carefully on first starting a piece of 
machinery until it is known that they have 
reached, and are operating at, a safe running 
temperature. 


9. If possible, newly installed bearings should 
be given a run-in period with no load being sup- 
plied. 

10. Do not use waste in cleaning bearings or 
journals. Use clean rags. 


SOUND TESTING OF BEARINGS.—A very 
useful method of determining whether the bear- 
ing is operating satisfactorily without opening 
the housing is to place the blade end of a screw- 
driver against the bearing housing and the grip 
end against the ear. If an irregular or grinding 
sound is heard, disassemble the housing, turn 
the mechanism by hand, remove the bearing, 
and check to see how freely it turns. At times, 
however, only a visual check of the bearing may 
be necessary to determine the cause of the ab- 
normal sound. 


It should be remembered that this method is 
comparative and should not be used as a basis 
for tearing a piece of equipment down unless 
the listener has had considerable experience. 


BEARING ADJUSTMENTS.—For shell type 
bearings, adjustments are simple and consist 
mainly of alignment, fitting, and grooving where 
the latter is permitted. However, these adjust- 
ments must be carefully and correctly made by 
experienced mechanics or serious operating 
troubles may result. Trouble in alignment of 
shafting and bearings may be due to faulty shop 
work. When shafting is in the shop, special care 
Should be taken to see that the coupling faces 
are truly perpendicular to the shaft axis and that 
the peripheries of matching couplings are exactly 
concentric, as these surfaces are indispensable 
in verifying the alignment of shafting and bear- 
ings aboard ship. 


FITTING BEARINGS,—Modern bearings are 
usually finished-bored to a diameter equal to 
that of the journal plus the desired oil clearance, 
and little or no fitting should be necessary. 
When hand fittingis required (shell type bearings), 
a mandrel should be used; the mandrel should 
have a diameter equal to that of the journal 
plus the desired oil clearance. The first step 
in hand fitting is to coat the mandrel with a com- 
pound such as Prussian blue. One half of the 
bearing is placed on the mandrel and turned 
slightly with a light pressure to cause the color- 
ing on the mandrel to adhere to the high spots 


88 


Chapter 4— MAINTENANCE OF FOUNDRY EQUIPMENT 





on the bearing. These high spots should be 
removed with a scraper and the fitting oper- 
ation repeated until the coloring matter is uni- 
formly distributed over the bearing surface, which 
indicates that the recommended amount of the 
bearing surface is in contact with the journal. 
Ninety percent contact is considered excellent; 
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80 percent contact is good. When no mandrel 
is used, contact with the journal should be 
limited to a small area (about 30°) in the bot- 
tom of the bearing. 

Care must be taken in scraping in a bearing 
to see that the lining is kept concentric with 
the shell and to avoid taper runout. 


Chapter 5 


FACTORS IN FOUNDRY PRODUCTION 


To the layman a casting is a metallic shape 
produced somewhat mysteriously in the foundry. 
He is not aware of the role played by the design 
engineer, the draftsman, the patternmaker, the 
molder, the heat treater, or the machinist. 
Neither has he given any thought to the detailed 
study and planning necessary to translate the 
idea described by the blueprint into a finished 
product, But then, he has no reason to be con- 
cerned other than that the casting he uses func- 
tions properly. It’s a different story with the 
molder. A casting’s production is no mystery 
to him. He's in the midst of the process. He 
knows that the finished product is the result of 
hard work on the part of a number of cooperat- 
ing craftsmen. 


Before foundry knowledge attained its pres- 
ent quasi-scientific status, most decisions per- 
taining to pattern construction, and thus the 
manner in which the cast part was to be molded, 
were made by the patternmaker. Pattern con- 
struction rather than mold design was too often 
the primary consideration. Now though, it is 
fully realized that the pattern is merely a means 
to an end; the mold’s design, through which a 
metallurgically sound casting may be produced, 
is considered before instead of after the pattern 
is made. Experience has shown that sound cast- 
ings are more consistently produced in the most 
economical manner when supervisory personnel 
representing the shops concerned with the sev- 
eral phases of a casting’s production cooperate 
in planning the production method. 


You as a leading petty officer will bein charge 
of foundry production aboard a ship or at a shore 
installation. There are many factors to consider 

hen supervising a shop. In this chapter, we 
deal with information related to production plan- 
ng. There will always be jobs that come up and 
hey will have to be discussed with other shops 
oncerned before a decision can be made to de- 
ermine how the pattern is to be made and the 
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method to cast the pattern. You may ask your- 
self: What should the pattern be made of? Should 
it be a loose piece, or should it be a match plate 
pattern? How will the patternbe cast? What allow- 
ances are made for sound production? These are 
some of the factors to consider in production 
planning. 


Let's stop and consider for just a moment what 
you may expect from studying this chapter. If 
you study this chapter carefully, you should be 
able to (1) explain the principal objective of pro- 
duction planning and list the major points consid- 
ered in the production planning conference, (2) 
identify the basic techniques used in making 
plastic patterns, (3) name the types of patterns 
discussed and the types of woods used for patterns, 
(4) explain when sweep molding is an economical 
technique, (5) state the basic rule when analyzing 
a casting for possible distortion, (6) list the 
design elements that contract normally, (7) ex- 
plain draft allowance, (8) define finishandclear- 
ance allowances, (9) differentiate between a loose 
piece and a drawback, and (10) explainto what ex- 
tent sectional thicknesses vary within the same 
element before special precautions are taken. 


PRODUC TION PLANNING 


When the shape of the part is simple, the 
amount of consultation necessary to determine 
the production method is negligible. But when 
the part is complex, or must be produced in 
large numbers, consultation is desirable and 
necessary. Don’t let the simplicity of shape 
fool you, though. A plain “brick?” for example, 
is one of the most difficult shapes to cast with 
complete internal soundness. Frequently, those 
parts having what appear to be simple shapes 
pose the most difficult feeding problems. Large 
plate castings and thin-walled cylinders are 
hard to cast by ordinary techniques. Castings 
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whose finishing involves no more than the re- 
moval of gates and risers and routine clean- 
ing, &eldom produce problems that require con- 
sultatión among personnel other than the Pat- 
-ernmaker and Molder. But when the job is 
such that machining, heat treating, and/or weld- 
ing is involved, the production method plan- 
ning conference should include a Machinery 
Repairman and a Shipfitter as well as the Pat- 
ternmaker and Molder. 

In a production planning conference, each 
man studies the drawing and visualizes the 
problem from his point of view. Each man 
offers solutions based on his technical knowl- 
edge and experience. Although each conferee 
has a tendency to think in terms of doing his 
part of the job in the simplest, most economical 
way, one objective is uppermost in the minds of 
all: the production of a metallurgically sound 
casting true to the drawing, and capable of per- 
forming the function intended. Each point of 
view is considered, differences are resolved, 
and the final decision on the production proce- 
dure represents a consensus arrived at through 
close cooperation of the several shop repre- 
sentatives. 

Since the point of view depends upon the 
interest the viewer has in the casting—welding, 
machining, molding, or patternmaking—the pic- 
ture he sees will be different from that of the 
other members of the group. The fact that the 
mental images differ somewhat in emphasis and 
detail makes an initial conflict of opinion almost 
inevitable. Yet, it is the resolution of these dif- 
ferences of opinion that helps to eliminate pro- 
duction problems before they arise. To be ef- 
fective in the conference, however, each con- 
feree must accurately visualize the part in 
question and thoroughly understand its function. 

The blueprint presents a great deal of data— 
name of the part, material, number required, 
relation to other parts, kind of finish, and heat 
treating data as well as the size and shape of 
the object. Yet, a lot of important information 
needed to produce the casting isn't given on the 
drawing. For example, usually no information 
is given on how the part should be molded. In a 
few instances, however, when a certain special 
result is required, the molding method or the 
position of molding may be specified. Although 
the print normally contains only the basic infor- 
mation needed to produce the casting, it is with 
this information that each conferee first con- 
cerns himself. He must get the dope off the 
print and into his head to the extent that he can 
close his eyes and see the part in complete 


detail. (If your ability to translate the lines and 
symbols on a print into the object represented 
is rusty, a review of Blueprint Reading and 
Sketching, NavPers 10077-B, is in order.) 

When the design of the part is complicated, 
it is often difficult to visualize the casting from 
the print. In this case it is helpful to construct 
a model of convenient size to eliminate the pos- 
sibility of error in visualization. But whether 
you visualize the object or scrutinize a model, 
the idea of the casting is taken on an imaginary 
trip through the several stages of production. 
In the imagination of the conferees, the pattern 
is made, the mold is rammed and poured, and 
the casting is machined, welded, and heat treated. 
At each stage, the problems likely to arise are 
discussed, differences of opinion are resolved,- 
and decisions are made. 


INTERSHOP VIEWPOINTS 


Since an understanding of the other fellow’s 
point of view is an important factor in intershop 
cooperation, particularly when planning work 
procedures, it may be useful to look at some of 
the thoughts that enter into the thinking of the 
Patternmaker, Machinery Repairman, and the 
Shipfitter as they consider the problem of pro- 
ducing the casting. But first, of what do you 


think? 
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A MOLDER will think of the kind of metal to 
be cast and the characteristics of that metal 
during melting, pouring, and solidification. And, 
as he studies the model or turns a visual image 
of the casting over in his mind, he will probably 
consider such additional factors as the following: 


1. Molding procedure involved—bench, floor, 
Or pit. 

2. Sand to be used—green or dry, natural or 
synthetic. 

3. Position of molding—which cross sectional 
plane of the casting, all things considered, is 
best molded in a horizontal position? Which 
portion should be cast in the drag? 

4. Location and kind of parting line-straight, 
irregular, or flatback. 

5. Basic type of pattern-solid or parted, : 
loose or mounted, sweeps or skeletons. 

6. Kinds of cores-green, dry, green-topped, 
or CO*, 

7. Methods of positioning core prints and/or 
chaplets. 

8. Location and design of gating system— 
top, bottom, step, parting, or combination. 


MOLDER 1 & C 
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9. Location and design of risers—open or 
blind. 

10. Design features of the casting, their rela- 
tion to progressive solidification and the elim- 
ination of shrink defects—section thickness ver- 
sus metal fluidity, areas of mass and the devel- 
opment of hot spots. 

11. Foundry techniques useful in overcoming 
production problems-— internal and external chills, 
padding, and mold manipulation. 


A PATTERNMAKER is concerned with many 
of these same factors. He, of course, looks at 
the production problem primarily from the point 
of view of constructing a pattern, but he, too, 
is concerned with the best method of producing 
the finished article. It should be remembered, 
however, that molding techniques are naturally 
the cognizance of the foundryman. The Pattern- 
maker should follow the Molder's instructions 
in this respect. In brief, the Patternmaker’s 
thoughts include: (1) position of molding; (2) 
parting line; (3) the kind of pattern and core 
boxes; (4) size of core prints; (5) views nec- 
essary for pattern layout; (6) contraction, dis- 
tortion, draft, and machine finish allowances; 
(7) projections requiring loose pieces; (8) size 
of fillets; and (9) an overall pattern design that 
facilitates the production of a sound casting. In 
considering these factors the mental process of 
the Patternmaker is literally one of mental 
gymnastics. For example, a void space in a 
casting is essentially a hole requiring a core. 
But the core is the reverse of the hole and the 
core box is the reverse of the core. Often the 
pattern, after provisions have been made for 
core prints and padding, just faintly resembles 
the shape of the casting that will eventually be 
made from it. This, of course, makes the Pat- 
ternmaker's visualization task more difficult than 
that of the other members of the group. 


A MACHINERY REPAIRMAN’S main interest 
in the ‘production procedure is the finishing 
operation. His concern is with the metal allow- 
ances which must be provided for milling, shap- 
ing, and boring. Additional factors he’ll con- 
sider are tool clearance and methods of setting 
up the part in his equipment as well as the 
sequence of machining operations. He must de- 
cide upon the locations of layout pads when 
they are required, and inform the Patternmaker. 


The Shipfitter, on the other hand, will be 
concerned with the casting’s design from the 
standpoint of heat treatment or welding. As a 
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rule, a casting whose design promotes direc- 
tional solidification is also satisfactorily de- 
signed for heat treatment. Where the final pro- 
duct involves the weld assembly of several 
cast parts, or when bosses and flanges are 
welded to the body of the casting, the contribu- 
tion of the Shipfitter may be significant in terms 
of simplifying the production procedure. 

The thoughts outlined in the foregoing para- 
graphs are by no means all-inclusive. Those 
enumerated, however, will probably be among 
those that arise during a planning conference. 
When presenting your views, illustrate them 
with rough sketches. They will make it easier 
for your associates to see what you mean and to 
appreciate the problem as you see it. After 
discussing all points of view and resolving the 
differences, basic decisions are made on the 
position of molding, parting line, and the type of 
pattern to be constructed. When this agreement 
has been reached, the Patternmaker prepares 
his detailed layout. 


The requirements of size, shape, and number 
of castings are specified by the blueprint and 
the job order; therefore, the conferees have 
little control over these factors. At the same 
time, though, these same factors play an impor- 
tant part in determining the procedure and 
equipment to be used. Size determines whether 
the job will involve bench, floor, or pit molding. 
The number of castings required may be the 
crucial factor in determining whether the pat- 
tern equipment involves match plates or a loose 
pattern. The overall design is a determining 
factor in selecting the parting line and the posi- 
tion of molding. Here, it is well to bear in mind 
that the fewer the partings, the less work re- 
quired to make the mold. 


ALTERNATIVE PRODUCTION 
METHODS 


Figure 5-1 illustrates that even with a sim- 
ple casting several alternative production meth- 
ods may be available. Usually, though, there is 
one method that is better than any of the others. 
It also demonstrates how cores may be used to 
simplify the molding problem. Here the deci- 
sion on procedure would be determined by the 
number of castings required. The time and 
effort involved in making the core boxes and 
cores would have to be taken into consideration. 
For a half-dozen castings, the method shown 
at B probably would be selected. On the other 
hand, if a large number of these castings are 
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Figure 5-1.— Various methods by which a given casting may be produced. 


required, the molding time involved in gagger- 
ing the projecting portion of the cope, and the 
difficulty encountered by the Molder in rolling 
over the drag, may make the use of the coring 
methods shown at C and D a distinct advantage 
from the standpoint of time and effort expended 
by the Molder. 

When the Patternmaker completes a detailed 
layout for the casting, a second conference is 
held to approve the plans. Depending on the 
nature of the casting and the problems raised 
by its design, in-progress consultations at any 
stage of the work may be in order. Even after 
the first castings from the pattern have been 
completed, it may be necessary to consider 
changes to eliminate production difficulties and 
defects that may be revealed by experience. 


PATTERN EQUIPMENT CONSIDERA TIONS 


When pattern equipment is being planned, 
careful consideration must be given to the type 
off material and pattern which should be used 
for the job. Several different materials are 
used to construct pattern equipment. The com- 
plexity and shape of the casting and the number 
of castings to be produced will determine the 
type of pattern which should be used. 


93 


TYPES OF MATERIAL 


Wood, metal, plastic, and plaster are among 
the materials commonly used to construct pat- 
tern equipment. Of these materials, white pine, 
having a relatively straight grain, is the mate- 
rial from which the bulk of job foundry patterns 
are made, particularly when fewer than 30 cast- 
ings are required. When the number of castings 
to be produced from a wood pattern is from 30 
to 100, a harder, more durable wood (such as 
mahogany) is used. 


Most of the common metals and alloys are 
also used in the construction of pattern equip- 
ment. Of the lighter metals, aluminum is pre- 
ferred because of its light weight, resistance to 
rust and corrosion, and easy workability. Metal 
patterns have great strength, durability, and 
resistance to warpage. These are distinct ad- 
vantages, Unfortunately, the cost in time and 
labor makes their use prohibitive unless a large 
number of castings are to be produced. Fur- 
ther, metal patterns require the construction of 
a wood master pattern which is used to produce 
a rough metal pattern by regular foundry pro- 
cedures. The master pattern must be made with 
double shrink—one to compensate for pattern 
metal shrinkage, the other to take care of metal 
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shrinkage in the final casting—plus any allow- 
ances for finishing the metal pattern. You'll 
have few occasions to mold with metal patterns. 

The general characteristics of plastic pat- 
terns are light weight, close-grained surface, 
and moisture resistance. They do not require a 
protective coating of shellac. Because of their 
porcelain-like finish they are easy to draw from 
the mold. Core and molding sands have little or 
no tendency to stick to plastic patterns. Al- 
though the cost of making plastic patterns is 
somewhat less than that of metal patterns, their 
use is economical only when a large number of 
parts is to be produced. Plastic patterns also 
require master patterns which compensate for 
the shrinkage of the plastic when it solidifies as 
well as the usual allowance for metal shrinkage. 

The production of a plastic pattern involves 
a procedure similar to that of producing a cast- 
ing in the foundry. Molds into which the plastic 
is poured are made of plaster, but wood and 
synthetic rubber are also used. After pouring, 
the entire mold is subjected to a curing tem- 
perature of about 140° F for 4 hours, to harden 
the plastic. 

Pattern equipment made from superstrength 
alpha gypsum cement has been used to advan- 
tage in both job and production shops. Advan- 
tages claimed for these patterns are that they 
retain their dimensions accurately under vary- 
ing conditions of temperature and humidity, that 
few tools and equipment are required for their 
production, that only a minimum inventory of 
materials is necessary, and that plaster pat- 
terns may often be produced in less time than 
patterns made with other materials. 

Plaster patterns may be made by one or a 
combination of three basic methods: pouring or 
casting in molds, plastic working (screeding), 
and carving. In the first method, the plaster is 
mixed with water to the consistency of a free 
flowing slurry and poured into a wood mold of 
the desired shape. The wood mold will consist 
of a pattern mounted on a bottom board witha 
frame around it to hold the plaster until it sets. 
When plaster is to be screeded or swept into 
Shape with templates, the plaster is thicker than 
normally required for pouring. The shaping of 
plaster with carving tools is done during the 
period of plasticity. In this last instance, the 
techniques applicable to wood patternmaking are 
used to advantage. Since plaster is fragile, 
it is usually necessary to use wire, rod, or hair 
reinforcing materials to increase the pattern’s 
durability. Like wood, a plaster pattern must 
be given several coats of shellac to prevent 


moisture absorption from the sand during mold- 
ing. 


SPECIAL PATTERN EQUIPMENT 


Although several different materials are used 
to construct pattern equipment, the equipment 
itself may be classified as follows: loss, single 
patterns, gated patterns, match plates or match 
boards, cope and drag patterns, and special 
equipment (skeletons, collapsible patterns, and 
sweeps). The type of pattern selected depends 
partly upon the complexity and shape of the 
casting and partly upon the number of castings 
to be produced. With any class of pattern, 
cores may be required. | 

Since a given casting can usually be produced 
with any of several types of pattern equipment, ` 
the Molder should be familiar with the general 
characteristics of each type and the circum- 
stances in which one type of equipment rather 
than another offers the greatest advantage. When 
you have to make a decision on the type of 
pattern equipment to be constructed for a given 
job, an important consideration is the cost 
of material and labor. However, it is not the 
cost of the pattern, but the total cost per cast- 
ing produced, including the pattern, that is con- 
sidered. Insofar as pattern cost in itself is 
concerned, sweep molding equipment and single, 
loose patterns are the least expensive to pro- 
duce, But in terms of cost per sound casting 
produced from these patterns, it is quite possi- 
ble that more expensive equipment would be 
less costly in the long run. Here the crucial 
point is the volume of production. 

For information on what type of pattern to 
select for a specific job, review chapter 3, Molder 
3 & 2, NavPers 10584-B. Only special pattern 
equipment is discussed in this chapter. 

Special pattern equipment is a catch all cate- 
gory including follow boards, ram-up blocks, sand 
match, sweeps and skeletons. All of these items 
will aid you as a molder to perform special jobs. 


Follow Boards 


Of the special pattern equipment, the follow 
board is the most frequently used device. It has 
two principal applications: One is to aid in the 
molding of irregular parting patterns, and sec- 
ondly to mold with patterns that would be too 
fragile if the pattern were split to form the 
parting line. A typical follow board is illustrated 
in figure 5-2. The device shown is essentially 
a special mold board into which a recess has 
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Figure 5-2.— Follow board. 


been cut to fit the parting line of the pattern 
for which it is designed. Its use is the same 
as that of a regular mold board. The special 
name stems from the fact that the board is 
made for a particular pattern and follows that 
pattern around during the drag’s roll-over. Pat- 
terns having an irregular parting line may often 
be molded with greater ease and accuracy with 
a follow board so constructed that its surface 
matches the pattern's irregular parting plane. 
(See the discussion relating to fig. 5-4.) 


Ram-Up Blocks 


Ram-up blocks are special devices which 
support and prevent thin-sectioned patterns from 
springing or breaking during the ramming op- 
eration. As a rule, the block is made of wood, 
but may be made of plaster in some instances. 
In either case, the block must accurately fit 
the portion of the pattern that it is to support. 
For the symmetrical pattern shown in cross sec- 
tion in figure 5-3, a woodblock would be turned on 
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Figure 5-3.— Ram-up block. 
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CROSS SECTION OF IRREGULAR 
TYPE PATTERN 


18.18x 
Figure 5-4.— Follow board supporting. 


a lathe. This block may be used as a loose auxil- 
iary part or may be secured to the mold board, 
depending upon the Molder's preference. 

To provide similar support for the irregular 
type thin-sectioned pattern shown in cross sec- 
tion in figure 5-4, a great deal of hand carving 
is necessary. A simpler way to produce the sup- 
porting structure is to pour a casting plaster 
into a specially prepared mold which uses the 
pattern itself as the main portion of the mold 
cavity. The procedure here is as follows: (1) 
place the pattern in the usual position for ram- 
ming the drag; (2) pack sand into the drag just 
tight enough to hold the pattern in position; (3) 
roll the drag over, check the pattern’s position 
for parting line accuracy; (4) smooth the face of 
the mold and spread a thin coat of parting re- 
lease (vaseline) or stearic acid over the exposed 
surface of the pattern; (5) place, and weight (or 
clamp) the specially constructed frame shown 
in figure 5-4 on the drag; and (6) fill the void 
space with plaster mixed to a pouring consis- 
tency. Allow the plaster to set for 30 minutes. Then 
carefully roll the mold over, lift off the drag, 
and remove the pattern from the plaster. Then 
thoroughly clean the face of the plaster and the 
pattern. The dimensions of the wood frame 
placed on the drag in step (5) should allow at 
least a 2-inch clearance above the highest part 
of the pattern. Strips of wood, or nails driven 
part way into the frame, provide an anchor for 
the plaster. The hole provided in the cover 
board must be large enough to permit pouring 
the plaster mixture. 

Although the plaster ram-up device described 
herein is intended to serve as a pattern protect- 
ing and supporting device, to prevent springing 
or breaking the pattern, it also functions as a 
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follow board. Frequently it is difficult to dis- 
tinguish between a match plate, ram-up block, 
and a follow board. If it is necessary, make a 
distinction where a device serves more than one 
purpose; classify it according to its principle 
function. A SAND MATCH, which serves a similar 
function, is illustrated in figure 7-9. 


Sweep Patterns 


Sweep molding is a technique that may wholly or 
partially eliminate the need for a pattern in the 
production of certain classes of castings. The 
technique is useful for constructing molds for 
castings having simple, symmetrical cross sec- 
tions. 


Just what is a sweep? Simply, it is a board, 
one edge of which conforms in outline to the 
cross section of the desired casting. By moving 
the sweep evenly through a compact bed of 
sand, the Molder shapes the bed to the outline 
of the sweep. 

The most common type of sweep, as illustrated 
in figure 5-8, is for a circular casting that is 
symmetrical about its center. The sweep (or 
strickle) is bolted to an upright spindle attached 
to the mold board. Turning the sweep on the 
spindle forms the heaped sand into the desired 
shape. 

A cross-sectional view of the dome-like cast- 
ing selected to illustrate the principle of sweep 
molding is shown in part À of figure 5-5. In this 
problem, a technique is utilized which sweeps 
the cope indirectly. But even so, two sweep boards 
must be made. The first step is to carefully cal- 
culate the inside and outside dimensions of the 
dome. (Actual dimensions would be obtained either 
from the blueprint or from the object itself if 
a broken part is furnished as a sample.) Do not 
forget to make the proper shrinkage allowance 
when you lay out the sweep boards. 

One sweep board will have the form and dimen- 
sions of the outside of the casting; the other 
will have the form and dimensions ofthe inside of 
the casting. In part B of figure 5-5 the cope 
sweep’s outline is represented by the solid line, 
while the drag sweep’s inner edge is indicated by 
a dash line. Mark the sweep conforming to the 
shape of the casting’s exterior surface ‘‘cope.’’ 
Mark the other sweep ‘‘drag.’’ | 

Having made the sweeps, bolt a suitable spindle 
to the mold board; attach the cope sweep to the 
spindle; place the drag portion of a flask on 
the mold board; and fill the flask with sand and 
pack it around the spindle. Then swing the sweep 
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around the spindle, removing the excess sand as 
you proceed. The symmetrical mound thus formed 
has the same shape as the outside casting has 
and it will serve as the pattern for producing the 
cope. (See part C of fig. 5-5.) 

Before setting the cope section of the flask 
in position, remove the cope sweep from the 
spindle and cut in the parting. The parting is 
formed by removing all sandlyinginthe triangular 
area between the bottom portion of the swept 
mold cavity and the upper edge of the drag 
flask. The sand removed for the parting is 
represented by the shaded area in the cross 
section of the drag shown in part B of figure 5-5. 
When all tooling is completed, blow out the drag, 
dust it with parting flour, attach the cope, and 
ram it up in the conventional manner. (In this 
problem, gaggers to provide support for the cope 
sand are essential.) The completed cope is shown 
in part C of figure 5-5. 

After ramming the cope and removing it from 
the drag, attach the drag sweep to the spindle 
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Figure 5-5.— Forming a mold with 
a sweep. 
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and cut the mound in the drag to conform to the 
inside dimensions of the casting. Sprues, gates, 
vents, and risers are to be provided during the 
course of the molding procedure. 

Some simple shapes can be swept without a 
spindle through the use of a SKELETON guide and 
strickle boards as illustrated in figure 5-6. Again 
the equipment furnished by the Patternmaker 
is simple. For the large diameter elbow illus- 
trated, the Molder is provided a set of skeleton 
guides and strickles, one set each for the mold 
and core. Almost any reasonable shape and 
metal thickness can be swept with the proper 
templates and sweeps. However, the sweep tech- 
nique is an economical procedure only when one 
or two castings having a relatively simple shape 
are required. When the shape is complex, sweep- 
ing is impractical. If more than a few castings 
are required even a simple shape can be produced 
more efficiently with a pattern. The technique is 
employed so infrequently in modern foundry prac- 
tice that it is practically a lost art. In job shops 
such as those aboard repair ships and advanced 
bases, the use of sweeps and skeletons may be 
advantageous for certain classes of large but sym- 
metrically shaped castings where repeat orders 
are unlikely. Here their advantage is twofold: 
The time and expense of patternmaking is neg- 
ligible and the problem of storing a bulky pat- 
tern is eliminated. To construct a satisfactory 
mold with sweeps and skeletons is a real chal- 
lenge to the Molder's skill. 





18.19x 
Figure 5-6.— Skeletons and sweeps. 
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PATTERN DESIGN REQUIREMENTS 


With few exceptions, the pattern equipment 
used by Navy Molders is made from wood, usu- 
ally white pine. Depending on the size and shape 
of the casting for which a pattern is required, 
the Patternmaker may turn the pattern parts on 
a lathe or carve them by hand from solid stock; 
or he may employ one or a combination of sev- 
eral typical methods of pattern construction 
illustrated in figure 5-7. 

But whatever the construction method em- 
ployed, the pattern must embody certain features 
if it is to satisfactorily play its part in the pro- 
duction process. For example, the pattern must 
provide for contraction and distortion during 
the casting’s solidification; it must possess 
sufficient draft to enable the pattern to be drawn 
from the mold; it must allow for machine fin- 
ishing. Further, more complex shapes or those 
having projections such as bosses, ears, flanges, 
and lugs, may require the use of loose pieces. 
You are familiar with most, if not all, of these 
pattern features. However, since these features 
play such an important part in a production 
planning conference, it may be advantageous 
from the standpoint of clear thinking to discuss 
them briefly. 


CONTRACTION AND 
DISTORTION ALLOWANCES 


To understand shrink and distortion allow- 
ances and their control, a knowledge of how 
metal responds to temperature changes is fun- 
damental. A given volume of metal at room 
temperature expands in size with continued heat- 
ing. This expansion may be thought of as occur- 
ing in two phases: (1) the change in volume 
that occurs while the metal is in a solid state; 
and (2) the change in volume that occurs while 
the metal is in a liquid state. (Another change 
in volume occurs while the metal is in the 
liquid-solid transition phase, but it is not per- 
tinent at this point.) Foundrymen are not directly 
concerned with the volume growth behavior of a 
metal when it is heated. They are, however, 
very much concerned with the behavior of a 
metal as its temperature decreases from that of 
a fluid to that of a room-temperature solid. 
Here, though, the volume change sequence is in 
the reverse order. 

To get a picture of volume change in the 
liquid and solid states, consider a top-poured 
cylindrical billet cast in a vertical position 
without the use of gates or risers, and to which 
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no additional metal is added after the mold cav- 
ity is initially filled. When the pouring is com- 
pleted, the metal level is flush with the top 
surface of the mold. Here the metal occupies 
100 percent of the mold's volume. After the 
billet cools to room iemperature, the original 
mold volume occupied is somewhat less than 
100 percent. Inspecting the billet, we see an 
inverted cone-like depression in the top of the 
billet. Further, the billets length and diameter 
are slightly less than that of the original mold. 
This total reduction in volume is the cumulative 
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result òf volume decreases in the liquid and 
solid states. The cone-like depression repre- 
sents the metal's volume decrease while cooling 
during the liquid state; shortening of the length 
and diameter represents volume decrease while 
the metal cools in the solid state. 

In common terminology, shrinkage describes 
the total volume change. But many modern 
foundrymen now make a distinction. For them, 
the term shrinkage applies to the decrease in 
volume occurring during the change from a liq- 
uid to a solid state, while contraction applies to 
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Figure 5-7.— Typical pattern construction methods. 
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a volume change after solidification. The Molder 
compensates for shrinkage through the provi- 
sion of risers which supply extra metal where 
it is needed to make up for the decrease in vol- 
ume resulting from cooling in the liquid-solid 
state. The Patternmaker provides for contrac- 
tion, or the decrease in volume occurring in the 
solid state, by making the pattern slightly over- 
size through the use of a shrink rule. 

Although experimental investigations are 
presently being conducted to learn more about 
the behavior of metals, little quantitative infor- 
mation is available on the shrinkage of metals 
and alloys while in the molten state. It is known, 
however, that all metals commonly used in the 
foundry, with the possible exception of bearing 
metals, decrease in volume in various degrees 
during cooling. Of these metals, the liquid 
shrinkage of steel is greatest , with manganese- 
bronze ranking second. Steel's decrease in vol- 
ume while in the liquid state has been calcu- 
lated as 1.6 percent per 100? C decrease in 
temperature. The value for manganese-bronze 
is 1.25 percent per 100? C decrease in temper- 
ature. Similar values for other alloys are not 
available, but from their observed behavior, it 
appears that their shrinkage is considerably 
less than that for steel. The methods used by 
the Molder to compensate for shrinkage are 
discussed in chapter 11. Here we are concerned 
with allowances made on the pattern to compen- 
sate for contraction and distortion. 

The decrease in volume that occurs in the 
common casting metals after they have solidi- 
fied and cooled to room temperature is fairly 
well known. Each metal has its own contraction 
characteristics, yet, a single value cannot be 
assigned that will cover all conditions. In any 
particular situation, the amount of contraction 
per foot depends on the size of the casting being 
produced, the general design, and the kind of 
metal involved. This point is illustrated by the 
data presented in table 5-1, which lists the 
amount of contraction that usually occurs when 
castings of various sizes are cast from differ- 
ent metals. 

Since the contraction allowances listed are 
based on a vast amount of experience, they 
should be used for the general run of jobs. It 
should be remembered, though, that the allow- 
ances listed assume normal unrestricted con- 
tractions. When the casting’s design is such 
that normal contraction does not occur, or is 
partially restrained in a portion of the casting, 
it may be necessary to use a modified value or 
construct a modified pattern. The cause of 


99 


abnormal contraction is usually mold resistance 
to the forces of contraction. If the mold or core 
cannot be modified to permit contraction. (i.e., 
by ramming less tightly or providing a core of 
greater collapsibility) the allowance will have 
to be made on the pattern. | 

The dimensional accuracy of most castings 
is satisfactory when the pattern is made with 
the usual shrink rule measurements. Occasion- 
ally, a pattern must be so constructed that it 
wil compensate for distortion resulting from 
uneven contraction which cannot be eliminated 
from the design. Here, it is necessary to break 
the casting down into its component parts and 
analyze each basic element in terms of the 
principles governing its contraction in the mold. 
A typical example is a casting having the shape 
of a U. If the pattern possesses the shape of 
the desired casting (excepting of course, nor- 
mal contraction, draft, etc.), the open ends of 
the solidified U will appear to have spread. 
This so-called spreading occurs because the 
mold offers resistance to metal contraction. 
However, the ends have not really spread; in 
fact, the open-end distance is less than that of 
the pattern even though the contraction at this 
point is less than normal. What has happened 
is that the closed end of the U contracted or 
foreshortened normally, while contraction at 
the open ends was restrained, giving the casting 
the appearance of having spread. To overcome 
distortion of this sort it is necessary to pur- 
posely construct a distorted pattern by making 
the sides converge enough to compensate for 
mold resistance between these members. This 
technique is known as FAKING THE PATTERN. 

Basic elements in addition to the U are the 
I, H, V, L, Y, O, and C. Some of these elements 
contract normally, others do not.In analyzing a 
casting to determine where distortion will occur, 
the basic principles to remember are: (1) con- 
traction follows the lines of metal structure; (2) 
distortion results when contraction is unequal; 
and (3) distortion does not occur when the lines 
of contraction meet at a junction of members be- 
cause neither member is affected by the other. 
A study of figure 5-8 in conjunction with the fol- 
lowing paragraphs will clarify this concept. 

Design elements in the normally contracting 
group (I, V, L, and Y) foreshorten in the same 
manner as a straight bar. The V will serve as 
a typical example of this group. At first glance 
it may appear that this design is affected by 
mold resistance in the same manner as the 
parallel members of the U. But this is not the 
case. Since the lines of contraction in each leg 
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Table 5-1.— Contraction Allowances for Common Cast Metals. 
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Section 
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Gray cast iron ...... Upto24in. ...... Open construction ... 1/8 
From 25 to 48 in. . . |Open construction ... 1/10 
Over 48 in. ...... Open construction ... 1/12 
Upto24 in. ...... Cored construction... 1/8 
From 25 to 36 in. . . |Cored construction... 1/10 
Over 36 in. ...... Cored construction... 1/12 
Cast steel. 9293 Upto24in. ...... Open construction ... 1/4 
From 25 to 72 in. . . |Open construction ... 3/16 
Over T2 in. x» Open construction ... 5/32 
Upto 18in. ...... Cored construction... 1/4 
From 19 to 48 in. . . | Cored construction... 3/16 
From 49 to 66 in. . .|Cored construction... 5/32 
Over 66 in. ...... Cored construction... 1/8 
Malleable cast iron a] 32499 ww. uoc RU UR 11/64 
5/32 
19/128 
9/64 
1/8 
7/ 64 
3/32 
5/64 
3/64 
1/32 
Aluminum. . ak ok s Upto 48 in. ...... Open construction ... 5/32 
49 to 72 in. ...... Open construction ... 9/64 
Over 72 in. ...... Open construction ... 1/8 
Upto24in. ...... Cored construction... 5/32 
Over 48in. ...... Cored construction... 9/64 to 1/8 
From 25 to 48 in. . .| Cored construction... 1/8 to 1/16 
Magnesium... ...... Upto 48 in. ...... Open construction ... 11/16 
Over 48 in. ...... Open construction ... 5/32 
Up to 24in. ......{ Cored construction. .. 5/32 
Over 24 in. ...... Cored construction... 5/32 to 1/8 
BYPASS sace eaw Boe o 3/16 
Bronze ........ . .. 1/8 to 1/4 


meet at a juncture, the contraction of one mem- 
ber is not affected by the other. The legs 
shorten normally, but they do not alter their 
position; thus faking is not required. 

Basic elements that are subject to distortion 
either through the effects of contractive forces 
or a failure on the part of foundrymen to under- 
stand contraction phenomena may be classified 
into three distinct groups: (1) the U and H, (2) 
the C, and (3) the O. The H, like the U, has 
interconnected parallel members of sufficient 
length to partially enclose a considerable body 


of sand which in turn restricts movement in 





response to contraction. While cooling, the 
connecting member of the H contracts and tends 
to pull the parallel elements together. But at 
the same time, the sand between these members 
offers resistance to movement. As a conse- 
quence, the parallel members in the area of the 
connecting member are drawn towards each other 
by the contractive forces at work within the con- 
necting member. Movement of the extremities 
of the parallel members is restrained by the 
sand's resistance to compression. Since the 
metal is still plastic while these opposite but 
interacting forces are at work, one portion of 
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Figure 5-8.— Lines of contraction in basic 
design elements. 
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the casting is enabled to move through a greater 
distance in response to the contractive force 
than the other. The result, of course, is dis- 
tortion in that the casting does not have the di- 
mensional accuracy specified. This is not to 
say that contraction occurs only within the con- 
necting member, The parallel elements also 
contract, but the contraction here is normal, 
unrestricted, and proceeds toward the junction. 
Thus, the contraction plays no part in the dis- 
tortion picture. This tendency of an H-shape to 
warp is overcome by converging the parallel 
members sufficiently to allow for the distortion. 

The C-shaped casting is perhaps the most 
surprising of the basic elements. Since it is a 
segment of a circle many Molders and Pattern- 
makers assume that it responds to the same 


forces of contraction. That a circular casting 
decreases its radius upon solidification and 
cooling to room temperature is a well known 
phenomenon. But to assume that a segment of 
a circle responds in the same way is an erro- 
neous assumption. In the C, the basic rule— 
contraction follows the lines of metal struc- 
ture— is applicable. Contraction follows the 
lines of the arc, not the radius. If pattern de- 
velopment for a C-shaped bearing shell is based 
on the premise that the radius will decrease 
during contraction, the casting will have a spread 
appearance. This spread appearance is not due 
to distortion; the pattern was incorrectly laid 
out. To produce a dimensionally accurate C, the 
radius of the arc is laid out with normal rule 
measurements. Since contraction follows the 
lines of metal structure (in this case, the arc) the 
allowance for contraction must be made alongthe 
arc. No distortion allowance is necessary. 


Another type of C-shaped casting that pre- 
sents a somewhat different problem is the flat, 
C-shaped gear segment. Like the C-shaped bear- 
ing shell, contraction in the gear segment follows 
the lines of an arc; thus a common rule radius 
is required. But here are two ares some distance 
apart between which metal contraction will occur. 
The solution to the contraction problem here 
is to lay out a common rule datum line arc 
having a radius equal to the neutral axis arc 
of the segment. Using the datum line as a refer- 
ence, the pattern is developed with shrink rule 
measurements. If the datum line, or the radii of 
the bounding areas are developed with shrink 
rule measurement radii, the casting will not have 
the required dimensional accuracy in that the 
pitch circle and gear teeth will not be in their 
correct relative positions. 

A ring or O-shaped casting is an exception 
to the rule that contraction follows the lines of 
metal structure. Here, even though no metal 
structure exists in the central portion of the 
ring, the contraction is effective along radial 
lines and its diameter decreases just as if it 
were solid. It should be noted that a solid seg- 
ment of a circle in contrast with the C-shaped 
casting also contracts along radial lines. The 
difference in contraction phenomenon between 
the C and the solid segment is fundamental. So 
long as an O-shaped casting remains intact it 
contracts along radial lines, but if the ring were 
to rupture, contraction would follow the lines of 
metal structure; a gap equivalent to the amount 
of shrinkage along the circumference would 
exist and the diameter would not decrease. 
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In view of these examples, a rule of metal 
contraction may be stated as follows: Contrac- 
tion occurs between any two points within the 
metal structure of the casting. It does not oc- 
cur between a point on the casting and one 
removed from it by any distance. Like most 
rules, it has an exception; the O-shaped casting. 
Although few casting designs are as simple as 
those we have discussed, contraction and dis- 
tortion problems can be resolved by analyzing 
the problems in terms of the principles illus- 
trated by the basic designs. 


DRAFT ALLOWANCE 


A pattern allowance of particular importance 
to the Molder is draft. Unless this taper is 
provided on the vertical surfaces of the pattern, 
the pattern cannot be removed from the mold 
without excessive rapping, or damaging the 
mold wall. The amount of draft required on a 
particular pattern is governed primarily by the 
size and shape of the pattern and upon the sand 
practice being employed in the foundry. 

In green sand molding, interior surfaces of 
patterns require more draft than exterior sur- 
faces. So long as it doesn't distort the functional 
lines of the pattern, it is advisable to provide 
liberal draft. In any case, the draft on surfaces 
at right angles to the parting line should not be 
less than 1°. Usually, this allowance is added 
to the pattern. In those instances where a re- 
duction in wall thickness is not objectionable or 
where an increase in dimensions at the face of 
the pattern is functionally objectionable, draft 
may be provided by subtracting the taper from 
the casting dimensions specified. Whether added 
or subtracted, the taper always runs away from 
the parting line. If no surfaces are atright angles 
to the parting line, draft is not necessary. 

The draft provided on the vertical surfaces 
of cores should be a minimum of 2° to facilitate 
setting. Vertical cores also require a closing 
clearance allowance to avoid crushing the cope 
when the mold is closed. 


FINISH AND CLEARANCE 
ALLOWANCES 


Two allowances in addition to those already 
mentioned are frequently required: machine 
finish and tool clearance allowance. The amount 
of allowance for machine finish depends upon 
the kind of finish specified for the casting as 
well as the mold location of the finish area. 
Whenever possible, surfaces to be machined are 
located in the drag. When this is impossible, it 





is necessary to provide an extra allowance to 
take care of any slag or sand that may come to 
the surface of the casting in the cope. The 
usual machine finish allowance for castings of 
various sizes and metal composition are indi- 
cated in table 5-2. 

From the standpoint of the Machinery Repair- 
man the provision of adequate tool clearance is 
just as important as extra metal for machining. 
The Molder has little concern with this feature 
of a pattern except as it may relate to the loca- 
tion of gates and risers. At any rate, there 
must be sufficient space to start and finish the 
cut. There may be a need also for lugs and 





18.107x 
Table 5-2.— Machine Finish Allowance 
Guide. 












Cast iron. . . . |Up to 12 in. .. 3/32 
13 to 24 in. 1/8 
25 to 42 in. 3/16 
43 to 60 in. 1/4 
Cast steel . . .| Up to 12 in. .. 1/8 
13 to 24 in. 3/16 
25 to 42 in. 5/16 
43 to 60 in. 3/8 
Malleable Uptoó6in.... 1/16 
iron. 6to9in..... 1/16 
9tol2in.... 3/32 
12 to 24 in. 1/8 
24 to 35 in. 3/16 
Brass, bronze, | Up to 12 in. ..| 3/32 1/16 
and alumi- 13 to 24 in. 3/16} 1/8 
num alloy 25 to 36 in. 3/16| 5/32 





castings. 


bosses to set up the job for machining. Since : 
the allowances necessary here depend on the 
job at hand, they will have to be worked out in 
the planning conference. . 


PROJECTING ELEMENTS 


The provision of a draft allowance does not 
always solve the problem of getting the pattern 
out of the mold while at the same time forming 
a mold cavity having the desired size and shape. 
Frequently the casting’s design has projecting 
elements that prevent the pattern from being 
drawn from the mold in one operation. This is 
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18.22x 
Figure 5-9.— The difference between loose 
piece and drawbacks. 


a common problem. It is solved through the 
use of loose pieces or a drawback, as illustrated 
in figure 5-9. 

A loose piece is a pattern part that remains 
in the mold while the main body of the pattern 
is removed. This piece is carefully drawn from 
the mold side wall into the main mold cavity, 
then lifted out of the mold; this process is called 
picking-in. A drawback serves a somewhat simi- 
lar function. Instead of being a pattern part, 
the drawback is a green-sand mold part rammed- 
up into the mold on a supporting structure so 
that it may be drawn back and lifted away 
to clear an overhanging portion of a pattern 
and thus permit the pattern removal. After 
the pattern has been removed, the drawback is 





relocated in the mold to form the mold cavity. 
In essence, a drawback is a special kind of 
green-sand core produced with a special mold- 
ing technique. The mold face contour of the 
drawback is formed by the pattern itself rather 
than by a special core box. The technique is 
particularly useful when an old part is to be 
used as the pattern or when a single large cast- 
ing is required and the cost in time and labor 
to construct an elaborate core box is not justi- 
fiable. A more detailed discussion of the draw- 
back is presented in chapter 7. (See fig. 7-10.) 


CASTING DESIGN 


Unless certain fundamental principles have 
been incorporated into a casting's design, the 
probability of producing a metallurgically sound 
casting is considerably reduced. Normally, the 
design of a cast part is the responsibility of an 
engineer. Occasionally, though, the Molder, in 
cooperation with the Patternmaker, may create 
a new part or redesign an old part that has 
prematurely and repeatedly failed in service. 
Should you be called upon to make suggestions 
for a parts design, organize your thoughts 
around the following principles: 


First of all, keep the design as simple as 
possible. A symmetrical casting is easier to 
mold than an odd shape. But if symmetry is 
impossible, don't make the problem of parting 
any more difficult than necessary. Along with 
over-all simplicity, section thickness should be 
no greater than that needed to meet the strength 
and/or weight requirements specified. There 
are, however, limitations to how thin a casting's 
wall thickness can be. Wall thickness must be 
sufficient to assure proper running of the metal 
in the mold. Just as metals differ in shrinkage 
and contraction characteristics, so do they dif- 
fer in their ability to flow through thin-sectioned 
mold passages without prematurely solidifying. 
The minimum section thickness through which 
a metal will normally flow is indicated in the 
following guide: 


Inch 
Cunt Hed . 1/8 
DNE Ur s. itur ders ee jp. S415 
Brass and bronze. . . . . . 5.9 rv 
PUT S. i-r quoc le N 1/8 


An erroneous conception held by many is that 
the strength of a cast part necessarily increases 
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along with greater section thickness; research 
has shown that this is not true. Actually, the 
strength and ductility of a metal as measured at 
the center of a cast section and, to a lesser 
degree, the outside decreases as the mass in- 
creases. A massive section should be used only 
when light sections reinforced by ribs or hollowed 
portions will not accomplish the purpose desired. 

Few of the functions performed by castings 
are such that sectional thickness can be uniform 
throughout. Within the limits of feeding to 
Soundness discussed in chapter 11, a uniform 
section is satisfactory. As a rule, though, a 
properly tapered section is ideal from the 
standpoint of producing a sound casting. Where 
the part’s function makes differences in cross- 
sectional thicknesses unavoidable, the transition 
from light to heavy sections should be gradual 
and well proportioned with a ratio of not less 
than 4:1. Sectional thicknesses that vary no 
more than 80 to 120 percent of the average 
thickness of the component members can usu- 
ally be cast free of defects without taking extra 
precautions so long as an easy contour is used 
to make the transition between the two parts, 
and the heavy part is suitably risered or chilled. 
As a rule, the sectional thickness of inner por- 
tions of a casting should be less than that of 
outer walls; inner sections should not be more 
than 70 to 90 percent of the thickness of outer 
sections. The general principles of proportion- 
ing and blending sections of a casting are illus- 
trated in figure 5-10. 





oo Na ` s " 
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18.23x 
Figure 5-10.— Properly and improperly 
proportioned wall sections. 


18.24x 
Figure 5-11.— Staggered members provide 
more uniform metal section. 


A most important consideration in casting 
design is the manner in which members form 
intersecting junctions. Intersecting members of 
equal size do not create a problem if the 
joint location can be directly fed by a riser. 
All too frequently, though, it is impossible to 
feed these members directly. One way to avoid 
an area of excessive mass and at the same time 
obtain a more uniform section is to stagger 
intersecting members of equal cross section as 
Shown in figure 5-11. When the cross section of 
the equal-sized intersecting members is large 
(21/2 inches or more), and the intersection 
has the form of a T, Y, or X, greater uniformity 
of sectional thickness may be obtained by coring 
out the hot spot area as shown in figure 5-12. 

The problems presented by intersecting 
members having unequal cross sections are 
similar to but somewhat more critical than 





18.25x 
Figure 5-12.— Uniform sectional thickness 
obtained in heavy intersecting members 
through the use of eores. 
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those whose members are of equal size. Since 
the thinner member solidifies more rapidly it 
draws metal from the heavier member. Again, 
if the heavy member can be adequately fed from 
a riser, shrink defects will not occur. But, if 


the point of junction cannot be properly fed, the 
intersection's design must be proportioned so 
that the transition is gradual and wall thickness 
is reasonably uniform. The comparison made 
in figure 5-10 illustrates the principle involved. 

Most instances of heavy and light intersecting 
members are in the form of flanges, ribs, and 
webs. Where the use of adequate risers or sec- 
tional proportioning is not feasible, the problem 
may often be solved through the use of chills 
(discussed in chapter 11) or through the use of 
padding which is a special technique employed 
only when other methods will not produce an 
equally sound casting. 

As illustrated in figure 5-13, padding refers to 
the addition of extra metal in selected portions 
of a casting to provide a tapered section with a 
gradual change in sectional thickness, rather 
than the abrupt change required by the design. 
Padding is also used to provide the necessary 


PADDING 






PADDING 





18.26x 
Figure 5-13.— Examples of padding. 


taper to a uniformly designed section. Like 
risers, the only purpose of padding is to help 
produce a sound casting. The extra metal is 
removed in the machine shop. When padding is 
employed, it is included in the pattern's design. 

Where padding is almost a last resort (to be 
avoided if at all possible), the use of fillets is a 
must on all but the simplest of designs. When- 
ever portions of a casting form an angle, a fillet 
is required. Without fillets, heat and stress 
would concentrate at the apex of the angular in- 
tersections. This in turn would develop a large 
grain structure and a reduction in strength, if 
not an actual rupture. The purpose of fillets 
then, is to eliminate or minimize heat and 
stress concentrations by distributing them over 
a larger area. 

The size of a fillet depends on several fac- 
tors—the metal, shape, and thickness of the wall 
section, and the size of the casting. Fillets that 
are too large are just as bad as none at all. If 
the fillet is too large an excess mass of metal 
exists which creates a problem of feeding unless 
a similar fillet can be placed on the other side. 
In this case, the larger the fillet the better. A 
good rule of thumb is to make the radius of the 
fillet one-half to one-third the size of the wall 
thickness of the casting. 

R = n Or T 

Fillet radii for the usual sizes of castings are 
one-half the cross-sectional thickness; for large 
castings the fillet is one-third the wall thick- 
ness. When the intersecting sections vary in 
thickness, use the average of the two thicknesses 
as T in the determination of fillet size. In gen- 
eral, fillets should not be larger than 1-inch 
radius regardless of casting size. 

Bosses, lugs, and pads projecting from the 
surface of the main body of the casting are often 
a source of defects unless their design permits 
them to blend into the main wall without upset- 
ting the principle of uniform cross-sectional 
thickness. Too often the boss has the appear- 
ance of being added on rather than designed into 
the casting. This point is illustrated in figure 
5-14. Note that the improved design on the right 
eliminates excess mass, thus reducing the prob- 
ability of shrink defects that are likely to develop 
when the design is like that on the left of the 
illustration. When the boss is thicker than the 
cross section of the casting, it cannot be fed 
unless it is risered or chilled. The same general 
principle applies to other projections. If it is 
at all possible, the use of bosses, pads, and lugs 
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IMPROVED 


18.27x 
Figure 5-14.— Designs for bolting and 
bearing bosses. 


should be avoided, Where they cannot be avoided, 
make the metal section between projections and 
the main body of the casting as uniform as pos- 
sible. This rule also applies to raised pattern 
letters when the casting is thin. 

The primary use of ribs is to reinforce the 
casting which increases strength without increas- 
ing overall wall thickness. It is also possible, 
through the use of properly designed ribs to 
overcome the tendency of large flat areas to 
distort. In general, the cross-sectional thick- 
ness of reinforcing ribs should be about 80 per- 
cent that of the main wall; their depth should be 
appreciably greater than their thickness by a 
ratio of about 1.5 to 1. Ribs shorter than this 
are ineffective; ribs whose cross sections are 
heavier than the main wall hinder solidification 
because of their relatively larger mass. To be 
effective a rib must solidify before the member 
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to which it is adjoined, otherwise it will contain 
shrink defects and will not aid in cooling the 
casting properly to prevent distortion. Like 
other intersecting members, the design of ribs 
should be staggered, angles must be filleted, 
and proportional thicknesses maintained. 


We have made reference to the fact that 
cores are often useful as a device for reducing 
the mass of metal at intersecting members that 
are difficult or impossible to feed with a riser 
(fig. 5-12). There are limits to the use of cores 
for this purpose. Usually, best results are ob- 
tained when the core diameter is not less than 
one-half the section thickness of the casting. 
Generally, though, the problem should be solved 
through a design which gvoids the use of this 
type of core. 


In the overall picture, patterns designed to 
leave their own green-sand cores are prefer- 
able. Usually, where the diameter of the de- 
sired cavity is not less than its depth, and where 
sufficient draft can be allowed, a green-sand 
core serves satisfactorily. The elimination of 
deep pockets and recesses, multiple or irregu- 
lar partings, and complex intersecting members 
are steps in the right direction in designing a 
sound casting. Sometimes it is advantageous to 
add some parts to the main body later by weld 
assembly, or to break the job down into two or 
more less complex units. Weld assembly, of 
course, is possible only when the metal involved 
is weldable. Each problem is unique. Each 
casting design must be considered on its own 
merits. No set of rules will make a designer; 
rules serve only as a guide. 


Chapter 6 


SAND CONTROL TECHNIQUES 


Sound castings are produced when all factors 
relating to pattern design, sand condition, mold- 
ing technique, melting, and pouring have been 
regulated so that conditions responsible for 
the development of casting defects are elim- 
inated. In chapter 5, the significance of pattern 
design was emphasized. Subsequent chapters 
will treat molding, melting, pouring, and other 
factors related to the production of castings. 
Here we are concerned with the procedure for 
determining, developing, and controlling the 
properties of foundry sands and the relationship 
between sand conditions and sound castings. 

Where sand control procedures have been 
made a part of the foundry's day to day opera- 
tions, the primary purpose is to check the 
properties of molding and core sands as they 
are prepared for use. Here too, these tech- 
niques determine the effect of continued use on 
the condition of old sand and help to isolate the 
cause of casting defects arising from sand con- 
ditions. Further applications of sand control 
techniques include their use in tests designed to 
develop the best combination of sand properties 
for a given class of castings. 

Even though the sand you obtain from the 
supply department normally measures up to the 
Naval Ship Systems Command specifications for 
grain shape, grain fineness, grain distribution, and 
clay content, sand control techniques are of value 
as a double check as well as a means of establish- 
ing the basic records with which subsequent test 
results may be compared. 


SAND ANALYSIS AND TESTING 


Two kinds of information become available 
through sand analysis and testing. First, we 
obtain information about the sand's composi- 
tion—moisture and clay content, and the shape, 
fineness and distribution of the grains. Second, 
we obtain information about a sand’s properties: 
its strength, permeability, hardness, durability, 


and sintering point. As you may recall from a 
previous discussion in Molder 3 & 2, NavPers 
10584-B, a sand's composition and the manner in 
which it is prepared or mixed determines the 
properties the sand exhibits in a mold or core. 
Since the construction of a sufficiently permeable 
mold is impossible with a sand containing a large 
percentage of fines (grains smaller than the pre- 
dominating grain size); since flowability, and thus 
good pattern reproduction, cannot be achieved 
with a sand whose grain size is too large; 
and since green strength as well as permeability 
is related to grain Shape, it is obvious that 
unless the sand brought aboard for foundry 
use possesses the required composition, you 
will be unable to develop the mold and core 
properties necessary for the production of a 
sound casting. Normally, the supply department 
provides sand having the correct grain size, 
shape, and distribution, but, if circumstances 
are such that you have to use an emergency 
source, only an analysis of the sand can tell 
you whether its composition is satisfactory for 
your purpose. 


DETERMINING THE COMPOSITION 
OF SAND 


Analysis of a foundry sand's composition 
usually begins with determining the moisture 
content and then the clay content of a sample. 
Following this, the shape of the grain in the 
sample is determined and then the size and 
distribution of the sand particles. The sample 
of sand used when determining the clay content 
and the shape, size, and distribution of sand 
particles must be dried as described in para- 
graphs on determining moisture content. 


Preparing Foundry 
Sands for Testing 


Whether the purpose of the tests you run is 
to obtain information on the composition of the 
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basic sand or to determine the properties that 
a particular foundry mixture will develop in a 
mold, an important first step is the selection 
and preparation of a representative test sample. 

First of all, let's discuss the preparation of 
heap and facing sands. After the foundry sands 
have been conditioned, collect the samples and 
test them immediately. The samples should be 
taken at a depth of not less than 6 inches from 
the surface. For heap sands, take three l-quart 
samples, one each from the front, center, and 
rear of the heap. Place each sample loosely in 
a separate airtight container to prevent loss of 
moisture. For facing sands, you should usually 
take one 1-quart sample from a depth of at 
least 6 inches. If there is any doubt about the 
uniformity of the facing sand, however, take 
additional samples as required for heap sand. 
Be sure to collect all samples without any delay, 
in order to obtain consistent samples. It is of 
extreme importance that the samples be tested 
as soon as possible so that the samples will be 
truly representative of the foundry sands. 


Moisture Content 


The moisture content of a sample of sand 
may be determined with a Speedy Moisture 
Tester as described in Molder 3 & 2, NavPers 
10584-B. The standard method for determining 
moisture content, however, is to weigh 2,000 
grams (4.4 pounds) of sand on the laboratory 
balance (fig. 6-1). Dry this sample by spreading 
it out in a thin layer and heating it in an oven 
at a temperature no lower than 220? F and no 
higher than 230* F. After drying, the sample is 
cooled to room temperature in a covered dish or 
a special cooling device called a DESICCATOR. 
Reweighing the dried sample and expressing the 
difference in weight before and after drying as 
a percentage gives the percent moisture. For 
example, if the original 2,000 gram sample 
reweighs at 1,760 grams, the moisture content 
is 12 percent. 


2,000 - 1,760 = 240 
240 
2.000 = 12 =12% 


Since measurements to 1/10 gram are often 
required to determine the moisture content, it 
is mandatory that an accurate balance be used 
to weigh the samples. 


Another method which somewhat simplifies 
determining moisture content is to use the mois- 
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Figure 6-1.— A laboratory balance. 


ture teller (see Molder 3 & 2, NavPers 10584-B) 
in conjunction with the balance. 

The teller is really a drying device and does 
not in any sense, directly, tell the moisture con- 
tent of the sample. It merely removes moisture 
from the sample. The device has a thermostati- 
cally controlled heating unit that can be adjusted 
to maintain any desired steady temperature be- 
tween a range of 150? and 300? F; a blower 
forces the hot air through the test specimen. 
In addition, a removable sample pan having 
a 500-mesh filter cloth bottom and a counter- 
weight equal to the weight of the pan is provided. 

When using the moisture teller and balance, 
the first step in determining moisture content 
is to “zero” the laboratory balance; that is, 
push the rider weight all the way to the left on 
the beam scale, then turn the zero adjustment 
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screw so that the balance pointer is at zero on 
the zero adjustment scale. Next, place the pan 
on one side (usually the left) of the balance and 
place the counterweight on the other. On the side 
with the counterweight, place a 50-gram balance 
weight. Before placing the 50-gram balance 
weight, be sure that the pan and counterweight 
actually balance. With use the pan may tend to 
get lighter because of abrasion, or heavier 
from corrosion. This check should be made 


every time a determination is made. Somewhat 
greater accuracy is attained if the pointer 


Swings slightly and equally to either side of the 
zero than if it remains steady on zero. Having 
accurately balanced the pan and counterweight, 
add the 50-gram balance weight. Then add sand 
to the pan until the balance pointer indicates that 
the pan and sand are equal to the counterweight 
and 50-gram balance weight. Accuracy in weigh- 
ing is most important. 

After the 50-gram sample is weighed out, 
the pan is placed in the ‘‘teller’’ where a blower 
passes air heated to between 220? and 230? F 
through the sample for a predetermined time. 





After drying and cooling to room temperature, 
the sample pan is returned to the balance. The 
amount of weight lost by the sample is deter- 
mined by moving the rider weight to the right 
along the beam scale (calibrated in tenths of a 
gram from 0 to 10 grams) until the balance 
pointer slowly swings back and forth at the zero 
mark. Weight loss is indicated by the position 
of the rider on the beam scale. The amount 
indicated on the beam scale multiplied by two 
equals the moisture content of the sample. 
Readings on the beam scale should be made to 
1/10 gram. 


Clay Content 


In brief, the clay content of sand is deter- 
mined by weighing a representative dried sample, 
removing the clay through washing, reweighing 
the sample, and then calculating what percent- 
age of the sample was clay. To accomplish 
this, the following items are required: (1) a 50- 
gram sample of dried sand; (2) a washing device 
(fig. 6-2); (3) distilled water; and (4) a standard 
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Figure 6-2.— Devices for scrubbing clay from sand grains. A. Rapid sand washer. 
B. Fruit jar used as wash bottle. 
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solution of sodium hydroxide (NaOH). The 
NaOH solution is prepared by dissolving 30 
grams of NaOH in 1000 cubic centimeters (cc) 
of distilled water. | 

Cereal offers difficulties as a gel is likely 
to form due to a chemical reaction with NaOH. 
If cereal is present the sample should be washed 
with distilled water before the NaOH is added. 
If your sample contains cement rather than 
clay as the bonding agent, use a 1:1 hydro- 
chloric acid (HCl) solution instead of NaOH. 

The test itself is made by placing the dried 
o0-gram sample in the washer, adding 475 cc 
(about 1 pint) of distilled water and 25 cc of 
NaOH solution. Both liquids should be at nor- 
mal room temperature (70? to 80? F). Next, 
stir the mixture vigorously for 5 minutes and 
then remove stirrer. Make sure that any grains 
adhering to the stirrer are washed off and re- 
main in the bottle. Following this, fill the wash 
bottle with distilled water to a height of 6 inches 
from the bottom of the jar and agitate the bottle 
sufficiently to ensure that the contents are well 
mixed. After allowing the material to settle 
for 10 minutes, siphon off the liquid to a level 
exactly 5 inches below the original level of the 
liquid. Now, refill the bottle to the 6-inch level 
with distilled water and again agitate the bottle 
and its contents to ensure mixing. After allow- 
ing the mixture to stand for EXACTLY 5 min- 
utes, siphon off 5 inches of the liquid. Repeat 
this procedure until the water is clear to a 
depth of 5 inches after a 5 minute settling 
period. In brief, after the initial vigorous stir- 
ring, the removal of clay involves repeatedly 
filing the bottle to a 6-inch level, agitating, and 
then allowing the mixture to settle for 5 min- 
utes, and siphoning off the top 5 inches until the 
water is clear. 

Each step in the clay removal phase of de- 
termining a sand's clay content must be carried 
out with precision. This is particularly true of 
the 5-minute settling period between agitation 
and siphoning. This part of the test is based on 
the fact that materials of different densities (or 
different volumes of the same material) settle 
to the bottom of a fluid-filled container at dif- 
ferent rates of speed. By American Foundry- 
men's Society definition, material that requires 
more time to settle than 1 inch per minute is 
clay. In the clay removal method described in 
this section, all material that settles at less 
than 1 inch per minute is removed in siphoning. 
Obviously, if a settling time other than 5 min- 
utes is used, the results of the test will be mis- 
leading. 


When it has been determined that the top 
o-inch portion of water is clear, the water is 
siphoned off for the last time. After removing 
the sample from the wash bottle and thoroughly 
drying it as previously described, it is again 
weighed. The difference between the sample’s 
original weight (50 grams) and its weight after 
washing, expressed as a percentage, is the clay 
content of the sand. For example, suppose that, 
after washing and drying, the original 50-gram 
sample weighs 44 grams. This difference ex- 
pressed as a percentage is 12 percent: 


50 - 44 = 6 
6 = .2-124. 
50 


When running a test to determine the effect 
of use on grain fineness, the loss in weight may 
not be entirely due to the removal of clay. If 
the old sand contained sea coal or cereal binder, 
the former will float off in the siphoning, and 
the latter dissolves and floats off with the water. 


Sand Particles 


In addition to determining the moisture and 
clay content of sand from an unknown source, 
it is essential to determine the shape, size, 
and distribution of the sand particles to meet the 
requirements of the job for which the sand is 
to be used. Grain shape is determined by care- 
ful visual examination and a sieve analysis is 
used to determine the fineness and distribution 
of the particles. 


GRAIN SHAPE.—The sample of sand must 
be washed and dried before it is examined to 
determine the shape of the grains. To facilitate 
the examination, the grains are spread out on a 
sheet of white paper and observed through a 
magnifying glass (a 5- or 10-power glass is 
suitable). 

You may recall, a grain of sand may be 
round, angular, subangular, or compound: round 
grains are fully spherical; angular grains are 
fractured particles having sharp edges and cor- 
ners; subangular grains have partially rounded 
corners; and compound grains are those con- 
sisting of two or more grains cemented together 
in such a way that clay removal or sieve analy- 
sis fails to break them apart (fig. 6-3). | 

Judgment is all important when it comes to 
grain shape classification. The human eye as 
aided by a magnifying glass is the measuring 
instrument. You determine grain shape classi- 
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Figure 6-3.— Grain shape classification: A. Round; 
B. Angular; C. Subangular; D. Compound. 


fication by comparing what you observe in a 
sample with the representative sample types 
shown in figure 6-3. 

A sand's grain shape is important because it 
influences the amount of pore or void space be- 
tween the grains of a unit volume of sand. Thus, 
grain shape has a direct relationship to the 
sand's venting ability. Angular sand grains cannot 
pack together as closely as rounded sand grains. 
As a result, sand with angular grain has a 
higher permeability than sand with rounded grains. 
The least amount of pore space is obtained when 
grains are about equally divided between large and 
small grain-size diameters with no intermediate 
sizes present. 

Grain shape also determines how hard a 
sand can be rammed in the mold. Angular 
grains do not flow or pack together as easily as 
rounded grains, therefore, angular sand can be 
rammed firmly while a sand having rounded grains 
requires more careful ramming on the part of the 
Molder. Insofar as pore space and the ability 
of the mold to carry off gases is concerned, a 
less experienced Molder can make a more sat- 
isfactory mold with a sand having angular grains 
than he can with one having round grains. 


GRAIN SIZE AND DISTRIBU TION.— The sieve 
analysis, used to determine the size and the 


distribution of the sand particles within a sample, 
consists of passing a clay-free sample of sand 
through a series of interlocked sieves, weighing 
the percentage of material retained on the several 
sieves, and from the information obtained calcu- 
lating or graphically plotting the grain fineness 
and distributions of particles in the sample. 
Results obtained from the analysis are useful 
in maintaining uniform properties; for example, 
the information may be used as a guide to the 
amount of bonding materials necessary to pro- 
duce desired mold and core properties. 
Equipment necessary to conduct a sieve analy- 
sis includes a sieve shaker, a set of eleven 
interlocking sieves, a pan, and a cover (fig. 6-4). 
The sieves are made with wire-mesh screens 
equivalent to the U.S. Bureau of Standards mesh 
members 6, 12, 20, 30, 40, 50, 70, 100, 140, 200, 
and 270. The mesh-wire diameter of each sieve 
and the equivalents of the mesh openings in 
millimeters and inches are given in table 6-1. 
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18.32x 
Figure 6-4.—A combs laboratory sifter and 
sieves. 
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18.108x 
Table 6-1.—Sieve Mesh Number Equivalents. 


Wire 
diameter 
(inch) 


United States 
series equiv- 


Mesh opening 


Each sieve is 8 inches in diameter, 1 inch high 
and is marked with its mesh number for easy 
identification. 

To conduct a sieve analysis, arrange and 
interlock the sieves in sequential order with 
No. 6 on top and No. 270 on the bottom; then 
attach the pan to the bottom of the nest. Next, 
place the dried, clay-free test sample in the 
top sieve. (In this case, the 44 grams of sand 
grains remained after our original 50-gram 
sample was washed and dried.) After closing the 
cover, place the nest in the shaking apparatus and 
start the shaker. While the shaker is in opera- 
tion, prepare several sheets of 10'' x 10"' glazed 
paper. These sheets will be used to collect the 
sand retained on the sieves. 

After allowing the sample to shake for 15 
minutes, stop the shaker, remove the nest and 
separate the sieves, inverting each sieve con- 
taining sand grains on a piece of glazed paper. 
Tap each sieve to jar loose any grains that may 
be caught in the screen mesh. If tapping does not 
free trapped grains, it may be necessary to brush 
the sieves with a soft bristle brush. 

The next step is to weigh and record the 
weight of material retained by the various sieves. 
There are two ways to consider the retained 
grain. The first method (size frequency) involves 
weighing the contents of each screenindividually, 
recording the results, and then making the cal- 
culations. The second method involves cumulative 
weighing and plotting the results on a graph. 

For the first method, see table 6-2, weigh the 
contents of each sieve separately and then record 
the amount of sand retainedin grams for that sieve 
number. Follow this step for the remainder of 
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Table 6-2.—Sieve Analysis Sheet (Size Fre- 
quency Method). 















AMOUNT OF 
50-GRAM SAMPLE 
RETAINED ON 
A SIEVE 


GRAMS 





MULTIPLIER | PRODUCT 














PERCENT 


100. ... 
140. ... 
200. ... 
QAO. 4. wx 
Pan ... 


Total 


sieves retaining sand. The next step is to convert 
the grams of sand per sieve to a percentage. 
This is accomplished by dividing the original 
50 grams into the grams of sand retained in each 
sieve. For example, sieve number 140 retained 
7.05 grams of sand. Converted to percentage, this 
is 14.1 percent of the sample 


7.05 
50 


141 14.1%. 


Follow this step until all grams have been con- 
verted to percentages. Then, total the over- 
all percentage (88.0). Next, multiply the percent 
retained on each sieve by the multiplier factor 
(constant) and enter each result in the appropri- 
ate place in the ‘‘product’’ column. Now, total 
the product column (15,134). Finally, divide the 
total percent into the total product. The results 
will give you the AFS Grain Fineness Number 
(GFN). 


AFS grain fineness number 


Total product 15,134 





= 172. 


Total % retained grain 88 


Now that we have determined the grain fine- 
ness number, what does it mean? This number 


Chapter 6—SAND CONTROL TECHNIQUES 





expresses the average size of the grains in the 
sample; that is, if all the grains were the same 
size, the GFN would be equivalent to the num- 
ber of meshes per inch of that sieve which 
would just allow the sample to pass through. 
Further, the GFN is proportional to the total 


grain surface area per unit weight of the sand, 


exclusive of clay. À large GFN indicates a 
sand having a small average grain size with a 
large surface area per unit weight of sand. A 
low GFN indicates large grain and relatively 
smaller surface area. 

Average size in itself is not very meaningful, 
but when the GFN is considered as an index to 
the surface area per unit weight of sand, it is 
an indication of the amount of bonding material 
needed to develop equivalent strength proper- 
ties in identical weights of sands that vary only 
in GFN. Since each grain of sand must be 
coated with the bonding material, it follows that 
greater surface area means more bond to coat 
this surface. 

A designation related to GFN as calculated 
previously, and another way in which a sand is 
sometimes described, is the GRAIN FINENESS 
CLASS. The class to which a given sand is as- 
signed depends upon its GFN and upon the range 
or zone into which its GFN falls. For example, 
as shown in table 6-3, our GFN 172 sample is a 
Grain Fineness class 2 sand while a GFN 53 is 
a class 5 sand. 

The secónd method of considering the grains 
retained on the sieves involves cumulative 
weighing and graphic portrayal. In cumulative 
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Table 6-3.— Relation of Grain Fineness Class 
to Grain Fineness Number. 


Fineness No. 


Fineness class 
From 


To but not 
including-- 


301 
200 
140 
100 
70 
50 
40 
30 
20 
15 





weighing, the coarsest retained materialis placed 
on the balance and weighed. Then the material 
retained by the next finer sieve is added and 
the total from these two sieves is weighed. Next, 
add the grain retained by the third finest sieve, 
then the fourth, and so on until the grain re- 
tained by each succeedingly finer sieve has been 
added and the total cumulative weight has been 
determined at each sieve. Be sure to record 
the cumulative total at each sieve. 

When the entire sample has been weighed 
and recorded, the cumulative total in grams at 
each sieve is converted to cumulative percent 
as shown in table 6-4. These percentages are 
then plotted as a function of sieve openings in 
microns on linear or semi-logarithmic graph 
paper (fig. 6-5 and 6-6). Each sieve point along 
the cumulative curve indicates the percentage 
of the sample that is coarser than that sieve. 
For example 2.2 grams or 4.4 percent of the 
sample is coarser than number 70 mesh, 95.6 
percent is finer. 
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Table 6-4.— Cumulative Data Recorded for GFN 
172 Sand. 


GRAMS RETAINED 













MESH NO. PERCENT 


e o o 9 òo 9? 9? ° -* 


The cumulative curve for our test sample is 
shown in figures 6-5 and 6-6. Figure 6-5 also 
shows the cumulative curve for a GFN 53 sand 
as well as the distribution curves for both the 
GFN 172 and the GFN 53 sands. Both illustra- 
tions present the same data, but the use of 
semi-log paper (fig. 6-6) has several distinct 
advantages over linear paper: the data plotted 
thereon give a clearer picture of a sand's com- 
position. Also, the plotting of fractional per- 
centages is simplified. 

Whether you use linear or semi-log paper, 
sieve analysis data plotted as a graph give a 
better picture of a molding sand than does the 
use of any system of fineness numbers. As 
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PERCENT GRAIN RETAINED 


0.589 0.414 0.295 


0.208 
GRAIN SIZE 





0.147 0.104 0074 0053 0.020 


18.34 


Figure 6-5.— Cumulative and distribution curves for GFN 53 and GFN 172 sands. 


mentioned previously, the grain fineness num- 
ber expresses the average size of the sample; 
it doesn't tell you anything about grain size 
uniformity. Sands differing widely in the pro- 
portions of grain retained on the several sieves 
may have the same GFN, Thus, the GFN may 
be misleading. But when the results of the sieve 
analyses are plotted graphically, the differences 
in the curves and thus grain size composition are 
readily apparent. Just as a blueprint gives you 
detailed information on the dimensions of a cast- 
ing, So does the graphical plot of a sieve analy- 
sis present detailed dimensional data on a sand. 

The closer the sand's cumulative curve ap- 
proaches that of vertical line, the more uni- 
form the grain size. Conversely, a flat or 
horizontal curve indicates nonuniformity of grain 
size. Now, since sand always contains grains of 
several sizes, no sand’s cumulative curve will 
be a vertical line; neither is it likely to be 
horizontal. Any molding sand's cumulative curve 
will have some degree of slope. Inspecting the 
graph of a sieve analysis you can visualize 
the uniformity of the sand’s grain size by the 
slope of its cumulative curve, and you can 
'!see!! the grain size fineness as well as the 
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proportions of the various sizes present by the 
position of the curve on the graph. 

A decimal designation called the SORTING 
COEFFICIENT (So) is used to indicate the slope 
of the cumulative curve and this may be used 
as an index to the sample's GRAIN DISTRIBU- 
TION. This coefficient is obtained by the formula 


Qs 
So 7— , 
Qi 
where 
Q, = the grain size in microns where the 
cumulative curve intersects the 25 
percent retained line, and 
Q4 = the grain size in microns where the 


cumulative curve intersects the 75 
percent line. 


Notice that the abscissa values of figures 6-5 
and 6-6 are given in sieve number and milli- 
meters. To convert millimeters to microns, 
multiply by 1,000; or, more simply, move the 
decimal point three places to the right. 
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Figure 6-6.— The cumulative data presented in figure 6-5 plotted on 3-cycle semi-logarithmic paper. 
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Using the cumulative curve for the GFN 53 
sand in figure 6-6, read off the values for Q, and 
Qs. Substituting these values in the formula 
we have 

So = —— = 0.6579. 
The sorting coefficient for the GFN 172 sand is 
0.4057. 

The major problem in determining this coef- 
ficient is the selection of the values for Q, and 
Qs when the curve crosses the 75 or 25 percent 
lines at a point other than at a sieve ordinate. 
When this happens, as it usually does, it is nec- 
essary to determine the correct value for the 
Qs by interpolation; that is, the value is esti- 
mated by determining the relative position of 
the Q point between the known sieve values. 
For example, Qa is slightly beyond sieve 70, 
between sieve 70 (208 microns) and sieve 100 
(147 microns). The difference between these 
sieves in microns is 61. Now, the point where 
the curve crosses the 75 percent line is approx- 
imately one-tenth of the distance between sieve 
70 and sieve 100. Therefore, one-tenth of the 
difference between these sieves 


$1 = 6 
10 


is the amount that the sieve value must be ad- 
justed. Since micron size is decreasing as we 
move from sieve 70 to sieve 100, the inter- 
polated value for Q is 208 - 6 = 202. 


The value for Q, is derived in a similar 
manner. Here, though, the difference between 
the sieves is 119 microns. The point where the 
curve crosses Q, is again about one-tenth of 
the distance between sieve 50 and sieve 40. 
One-tenth of 119 microns is 12 microns. This 
time, however, note that the micron size pro- 
gression is from smaller to larger (sieve 50 to 
40). Therefore, the interpolated value for Q, is 
(295 + 12) 307 microns. For practice, work 
out the sorting coefficient for the GFN 172 sand. 


By comparing the sorting coefficients of 
sands, the foundryman gets an idea of a sand’s 
distribution in the middle 50 percent of the 
sample. That is, a sand whose Sg most closely 
approaches 1 is the more uniformly distributed. 
For example, the So for the GFN 53 sand is 
0.6579 while that of the GFN 172 is 0.4057, and 
since 0.6579 more nearly approaches 1 than 
does 0.4057, the GFN 53 is the more uniformly 
distributed sand in the range of interest. 


Another way to express the grain distribution 
of a sand on the basis of a sieve analysis in- 
volves the use of a symbol consisting of three 
numbers separated by colons: for example, 3:3:3. 
This symbol has the following meaning: the 
MIDDLE number indicates the least number of 
adjacent sieves that retained a minimum of 
75 percent of the grains in the sample: the first 
number indicates the number of sieves retaining 
coarser grains, and the last part of the symbol 
indicates the number of sieves retaining finer 
grains. 

The method for determining this grain dis- 
tribution symbol is illustrated in figure 6-7. 
The first step is to determine the middle num- 
ber of the symbol. This is done by inspecting 
the distribution data recorded during the sieve 
analysis and locating the sieve that retained the 
largest percentage of the sample, in this case 
sieve 70. To this, add the percentage retained 
by the adjacent sieve retaining the next larger 
percentage of retained grain (sieve 70 plus 
sieve 50 or 44.04 + 23.36 = 67.40). Since this 
is less than 75 percent, add the next highest 
percent of sand retained on an adjacent sieve 
(No. 100). This procedure is contained until the 
total percentage of grain retained on adjacent 
sieves is a minimum of 75 percent of the sam- 
ple. In the sample illustrated, a minimum of 
75 percent required three sieves: therefore, 
the middle number of the symbol is 3. Next, 
count the number of sieves containing sand 
coarser than that in the 75 percent group. This 
is the first number. Finally, count the sieves 
containing finer grains. The symbol for this 
sample’s distribution is 3:3:3. | 

As a practice problem, work out the distri- 
bution symbol for the sample recorded in table 
6-2. Remember, the middle number inthe symbol 
is determined by the LEAST number of adjacent 
sieves which, when totaled, retain a minimum 
of 75 percent of the sample. The distribution 
symbol of the GFN 172 sand computed in table 
6-2 is 4:4:0; that is, four adjacent sieves were 
required to retain a minimum of 75 percent 
of the sample, four sieves retained coarser 
material and no grain was finer thanthat included 
in the 75 percent group. The distribution of most 
satisfactory molding sands is such that the 
bulk of the grain is carried by three or four 
sieves. 


TESTING FOUNDRY SAND 


In the previous section we were concerned 
with basic foundry sands from the standpoint of. 
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GFN 55 (O.O% Clay) 












Ist number 
~ (Step 2) 
__ end number 
» (Step !) 
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SYMBOL- 3:3:3 


Number of sieves 
x retaining grain 


coarser than adjacent 






sieves containing minimum 
of 75% of the sample 





Adjacent sieves needed 
to include a minimum 


of 75% of the sample 


Number of sieves 
retaining grain finer 


than adjacent sieves 





retaining minimum of 
75 % of the sample 


be 


18.36 


Figure 6-7.— Method for determining grain distribution symbol. 


their composition. That is, we considered pro- 
cedures for determining grain size, shape, and 
distribution. Here we are interested in tests to 
determine the degree to which a ready-for-use 
foundry sand exhibits certain properties in a 
mold. It should be remembered that such prop- 
erties as permeability, flowability, strength, 
and sintering point are related to and are not 
distinct from grain fineness, grain distribution, 
and clay content. Remember further, that the 


percent moisture and other materials added to 
the basic sand as well as the mixing procedure 
employed have an effect on the sand’s proper- 
ties. 


Preparing the Test Specimen 
To determine the clay or moisture content of 


a sand, or to conduct a sieve analysis, use a 
sample having a specific weight. To determine 
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such properties as permeability and strength, 
use a cylindrically shaped test specimen having 
a two-inch diameter and a two-inch height. The 
dimensions of this sample and the ramming 
pressure used are most important; variations 
in either, influence the results obtained from the 
test. The test sample itself is usually one of 
the sand mixtures used by the foundry, or itis 
a mixture that is being considered for use. 
Usually the sample is taken from the batch as 
prepared for the day's molding, but occasion- 
ally a small batch is specially prepared. The 
latter is particularly true if the test data are to 
be used for research or comparative purposes. 

Where the sample is specially prepared, the 
first step in the preparation of the test speci- 
men is to dry out the basic sand and other dry 
ingredients as described previously; i.e., by 
heating for 1 hour at a temperature between 
220? and 230? F. Next, weigh out the proper 
percentages of dry ingredients (these amounts 
depend upon the kind and size of the mixture). 
Dry mix these ingredients in a sand muller for 
2 minutes, then bring the mixture up to the 
proper percent moisture by adding water grad- 
ually over an interval of 30 seconds while the 
mixer is in operaton. Total mixing time should 
not exceed 5 minutes. At the completion of 
mixing, remove the sand from the muller as 
quickly as possible and transfer it to covered 
quart jars. After allowing these specially 
mixed samples to stand for 2 hours they are 
ready for specimen ramming and testing. When 
the test sample has been selected from the 
molder’s heap, the sample should be rammed 
and tested as soon as possible after sampling. 

The device illustrated in figure 6-8 is de- 
signed to form the required test specimen. The 
container for holding the sand during ramming 
is a steel tube having a uniformly smooth and 
circular inner surface. The rammer itself con- 
sists of a head attached to the lower end of 
a rod and a free sliding weight. Except for the 
container, all parts, including the operating 
levers are mounted on the frame. The con- 
tainer, rammer head, and weight are made of 
hardened steel to prevent wear. | 

The rammer head's diameter (1.994 + 0.002 
inch) produces a sliding fit in the container (in- 
side diameter 2.000 + 0.001 inch). Arrangement 
of the 14-pound weight permits it to move freely 
up or down on the rod, within 2+ 0.005 inches, 
between the rod supports. 

To operate the rammer, the tube container 
is placed in its pedestal and filled with a quan- 
tity of sand sufficient to make the sample. (An 
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18.37 
Figure 6-8.— Sand rammer for ramming AFS 
standard sand specimens. 


exact amount cannot be specified since the 
weight per unit volume of each mixture will 
vary with the grain size, distribution, percent 
moisture, and other ingredients present.) Mov- 
ing the rammer-raising lever lifts the rod, 
rammer head, and weight, and permits the 
placement of the specimen tube and pedestal in 
position on the rammer base. With the speci- 
men tube positioned, gently lower the rammer 
head into the tube. Then, with the cam lever, 
Slowly raise the weight to the full 2 inches and 
let it fall. Repeat this last operation for a total 
of 3 rams. 


For some tests the sample remains in the 
tube container; for others, it is stripped from 
the tube with a stripping post. In either case, 
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the rammed test specimen must be the correct 
2 inches. If it isn’t, the specimen must be re- 
made. 


Permeability Tests 


Permeability is that property of a molding 
sand which describes its ability to allow gas to 
pass through a molded mass. It is determined 
by measuring the time required for a predeter- 
mined quantity of air at a known pressure to 
flow through a standard test specimen. 


Expressed as a formula, permeability equals 


p = Y 
pat 
where 
v = volume of air in cubic centimeters 
h = height of the specimen in centimeters 
p = air pressure in grams per square cent- 
meter 
a = cross-sectional area in square centi- 
meters 
t = time in minutes 


The instrument illustrated in figure 6-9 is 
suitable for obtaining the necessary data to de- 
termine permeability by the standard method. 
By positioning the straight edge of the helicoid 
so that the point is downward and the edge is 
parallel with the manometer tube, the constant 
pressure in grams developed by the test speci- 
men's resistance to the free flow of air can be 
determined. This is done by comparing the water 
level in the manometer tube with the pressure 
scale on the helicoid. The pressure scale is 
calibrated from 0 to 10 grams per square centi- 
meter. Prior to conducting the test, however, the 
scale must be zero adjusted; that is, the water 
level in the manometer tube must be adjusted 
to coincide with the zero (0) on the pressure 
scale (straight edge) of the helicoid gage. This 
adjustment is made with the manometer adjust- 
ment screw. 

The copper air drum, which floats like a bell 
in the water tank, provides the 2000 cubic centi- 
meters of air through a tube-within-a-tube 
arrangement in the center of the drum and 
tank. This tube permits air trapped within the 
drum to escape and pass through the specimen 
when the air control lever is turned 90? forward 
to its open position. Time for the volume of air to 
flow through the sample is determined by noting 
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the time required for the air drum to sink from 
its highest position (the 0 mark on the drum is 
level with the top of the water tank) to its low- 
est position (2000). 

The first step in determining permeability, 
of course, is to ram the standard test specimen. 
With the specimen remaining in the tube con- 
tainer, place the tube, top down, in the mercury 
seal cup on the base of the permeability meter. 
(If an orifice plate is in position over the air 
outlet nozzle in the center of the seal cup, be 
sure that it is removed before using the instru- 
ment to determine permeability by the standard 
method.) With the air control lever in the OFF 
position, raise the air drum so that it floats at 
maximum (2000) volume. Next, turn the air 
control lever to ON and simultaneously start 
your stopwatch. When the water level in the 
manometer becomes constant, record the pres- 
sure indicated; when the air drum has sunk to 
the 2000 mark on the air volume scale, record 
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Figure 6-9.— Permeability meter. 
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the time elapsed. Substitute the data noted in 
the standard formula. 

To illustrate the use of the formula, suppose 
that the air pressure is 4 grams per square 
centimeter and that 1 minute is required for the 
2000 cubic centimeters of air to pass through 
the standard test specimen. Substituting the 
known and observed data in the formula we have 


10160 
m eeu. q25.9. 
4x20.268x1 81.072 


2000 x 5.08 
pesce 


Since a standard specimen and 2000 cubic 
centimeters of air are always specified for the 
test, 


2000 x 5.08 
—— — 2 501.2 is constant (C). 
20.269 


Therefore, the formula becomes 





_ €C _ 501.2 
P = pt pt 
substituting 
p . 501.2 125.3. 
4x1 


Permeability can be read directly from the 
scale on the periphery (rotating permeability 
dial) of the helicoid gage. This is not too ac- 
curate but it is satisfactory for routine shop 
tests. In this routine test, a standardized or- 
ifice plate is inserted between the 0.03 square 
inch (0.1742 square millimeter) air outlet and 
the test specimen. Depending upon the estimated 
permeability, either a 0.5- or a 1.5-millimeter 
orifice is used. If permeability is below 49, 
use the smaller orifice; if permeability is above 
36 use the larger orifice. When the sand's 
permeability falls in the overlap range of the 
two orifices, experimental use and/or compar- 
ison with the results from a standard test must 
be employed to determine the proper orifice 
size. 

In the routine shop test, in which permeability 
is read directly from the periphery of the heli- 
coid, it is not necessary to note the pressure or 
the time of flow. Assure yourself that the drum 


is in the upper position and the appropriate 


orifice plate is inserted, then all that is neces- 
sary to conduct the routine test is to: (1) place 
the inverted specimen tube containing the test 
sample in the mercury cup on the base of the 


instrument; (2) turn the air flow control lever 
to ON: (3) wait a few seconds until the water 
level in the manometer tube becomes constant; 
and (4) turn the helicoid gage until its periphery 
or outer edge matches the water level of the 
monometer. The scale number at this point on 
the helicoid periphery is the approximate per- 
meability of the sand being tested. Perme- 
ability determined in this way is accurate within 
10 to 15 percent. 

Another routine shop test involves the use of 
the pressure scale in conjunction with the manom- 
eter water level in a manner similar to that 
of the standard stopwatch method. Here, though, 
as in the helicoid periphery method, a suitable 
orifice plate is inserted into the mercury-cup 
air outlet. The pressure noted on the manometer 
is converted to the permeability number through 
the use of a table which indicates the relation 
between the pressure developed and the per- 
meability in terms of the orifice plate used. 
Note that these relationships, as shown in table 
6-5, vary greatly for the same pressure reading 
when an 0.5 rather than a 1.5 millimeter orifice 
plate has been used. 

The results obtained with either routine shop 
method depend upon the selection of the proper 
orifice, but, more important, uponthe cleanliness 
and calibration of the orifice plates. Neither shop 
method is as accurate as the standard test; and, 
periodically, determinations obtained by shop 
techniques should be compared with results 
from a standard test. Of the two routine meth- 
ods for determining permeability, the pressure 
versus orifice opening method is the most satis- 
factory. But even here, if the results vary 
more than 10 percent from the permeability as 
determined by the standard, it is an indication 
that recalibration or cleaning of the orifice 
plates is required. 

Normally, you will be concerned only with 
the determination of green permeability; that 
is, the permeability of the sand used to con- 
struct green-sand molds. However, other per- 
meability tests that you may perform are base, 
dry, and baked. In principle, all are determined 
in the same way with a test specimen of the 
same size. The procedures vary only in minor 
details. 

Determination of base permeability, which 
is the permeability of packed, dry sand grains 
without clay or other bonding agent, requires 
the use of special 100-mesh screens at each 
end of the standard test specimen to hold the 
sand in position within the specimen tube. This 
test may be used to advantage to determine 
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Table 6-5.— Pressure and Equivalent Permeability Values as Obtained with Orifice Plates. 
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of the compression heads between the pusher 
arm and pendulum, as indicated in the illustra- 
ions the machine may be used to run tests on 
either a green, dry, or a baked standard test 
specimen. The location of the sample during 
he test determines the axial load developed. 

Turning the handwheel drive (some models 
are motor driven) raises the pusher arm through 

arc which in turn forces the specimen to 
push the pendulum weight upward, thus increas- 
ing the load on the specimen until it breaks. 
The upward travel of the pendulum carries 

magnetic rider along with it. As the speci- 
men disintegrates with the application of a 
sufficient load, the pendulum swings back slightly 
o contact the pusher arm, leaving the magnetic 
rider in position on the scale. The location of 
he rider on the scale indicates the strength of 
he sample. Since several scales calibrated 
for different tests are on the instrument's 
‘‘vardstick,’’ the operator must be sure that 
he value noted is read from the appropriate 
scale. 

When conducting the green compression test, 
he standard 2-inch specimen (usually the speci- 
men on which permeability has been deter- 
mined) is stripped from the tube container after 
ramming and is carefully inserted between the 
compression heads. Since each head has a pair 
of flanged projections designed to support the 
specimen before the load is applied, the oper- 
ator must be careful to avoid damaging the 
specimen while it is being inserted in the ma- 
chine. With the hand operated machine, the 
crank must be turned in such a way that a uni- 
form loading is obtained. Except for the addi- 
tional sample preparation and the location of 
the heads, compression tests for dry or baked 
strength are identical to that for green com- 
pression. 

In addition to using the strength test as a 
routine check on the strength of molding and 
core sand mixtures, it may be used to measure 
the bond strength that different clays and ben- 
tonites are capable of developing with a given 
pure silica sand used to produce synthetic 
sands. Samples identical in all respects except 
for bonding material are prepared and rammed 
as standard specimens. Mixtures designed to 
test bentonites should contain from 4 to 6 per- 
cent bentonite with 1.5 to 3 percent water; mix- 
tures for testing fire clay should contain 10 to 


12 percent of this material with 3 to 5 percent 
water. As in other compression tests, the 


specimen must be carefully prepared and placed 
in the machine without damaging the specimen. 
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Also, the average of three readings from speci- 
mens of each mixture should be used as the 
mixture's strength value. If the value of one 
test in the three differs from the other by more 
than 10 percent, the sample must be discarded 
and another tested. 

A comparison of the green compression 
strength of a new sand as determined by the 
standard method, with the result of a similar 
test conducted on an identical sample which has 
been heated to 600? F for 2 hours, and then cal- 
culating the percent loss of green strength is a 
measure of a sand's DURABILITY. One re- 
searcher estimates that a sand having a 42 per- 
cent durability loss will produce only 30 pounds 
of castings, while a sand having a 25 percent 
durability loss will produce 82 pounds of cast- 
ings per pound of new sand. Although this test 
is not as yet standardized and little information 
is available for comparative purposes, it does 
offer another method for estimating the con- 
stancy of your source of supply. 


TENSILE TEST.—The equipment used for 
compression testing is adaptable to green and 
dry tensile strength testing. The major dif- 
ference is the specimen tube and the tensile 
strength attachment assembly. 

The specimen tube used to test green and 
dry tensile strength is a two-part tube shown in 
figure 6-11. This tube is made so that it will 
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Figure 6-11.— Specimen tube for determining 
green and dry tensile strength. 
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separate near the middle of the specimen when 
testing for tensile strength. The specimen is 
rammed in the two-part tube in the same man- 
ner as other tests except that the specimen 
tube is placed on its pedestal, and then the 


tube is filled with the correct amount of sand. The 


specimen tube and pedestal cap are placed beneath 
the rammer and rammed. The specimen remains 
in the two-part tube for testing. The tube with the 


rammed specimen is placed in the specimen tube 


holder which is held firmly by clamp screws 
shown in figure 6-12. Figure 6-12 shows an 
electrically operated strength machine with the 
tensile strength accessary attached. One end of a 
small flexible chain is connected to the top of the 
specimen tube. The other end is connected to the 
mechanical linkage that comes in contact with the 
pendulum weight. As the pendulum is raised 
through an arc by the mechanical linkage, it 
applies a tensile stress to the test specimen, 
The upward travel of the pendulum carries 
a magnetic rider along withit. When the specimen 
breaks under sufficient tensile load, the pendulum 
swings back, leaving the magnetic rider at the 
highest position on the scale. At the left edge 
of the magnetic rider, read the green compression 
scale. After the pusher arm has returned to its 


position and while the broken portion of the 


sand specimen hangs on the tensile attachment, 


read the weight of the broken specimen on the 


green compression scale. The reading is then 
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Figure 6-12.— Strength machine with tensile 
accessory attachment. 
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subtracted from the breaking load. The result is 


the actual ounces per square inch tensile strength. 

The preceding procedure is used to test green 
and dry tensile strength of sand. However, when 
sand samples exceeding 18.7 ounces per square 
inch (high tensile strength) are tested, a long 
fulcrum pin must be used in place of the short ful- 
crum pin. When the long fulcrum is used, always 
read the dry compression scale. Then the read- 
ing is divided by ten. The result is recorded in 
pounds per square inch instead of ounces per 
square inch. 

There are some precautions that must be ob- 
served when testing for green and dry strength. 
For green strength, the rate of loading of the 
tensile equipment should not be more than 40 
nor less than 20 ounces per square inch minute, 
and the green tensile strength is expressed in 
ounces per square inch. For dry strength, the 
rate of loading in the tensile equipment should 
not be more than 14 pounds per square inch/ 
minute nor less than 2 pounds per square inch/ 
minute. 


SHEAR TEST.—The equipment used to test 
shear strength of sands is the same as that used 
to test compression strength. There is, however, 
a different set of heads usedtotest shear strength. 
The shear heads differ in that they have semi- 
circular disk faces instead of circular plated 
faces which are used for compression testing. 

When testing for green shear strength, the 
test specimen and shear heads should be in the 
lower test position on the strength machine, and 
the green shear strength is read on the green 
shear scale. 

To test for dry shear strength, the shear 
heads and specimen are located in the upper 
portion of the strength machine. The dry shear 
strength is read on the scale. 


Hardness Tests 


Surface hardness of a green-sand mold re- 
flects the ability of a mold's surface sand to 
resist the pressure exerted by molten metal. 
Further, green-surface hardness, which de- 
pends on ramming pressure, is related to 
strength and permeability. Insofar as the test 
is concerned, surface hardness is defined as 
the resistance offered by the rammed sand’s 
surface to the penetration of a plunger applied 
at a 90? angle to the test surface. If there is no 
resistance to the plunger (1/10-inch penetra- 
tion), hardness is 0; if there is no penetration, 
hardness is 100; hardness between these ex- 





tremes depends upon the depth of penetration. 
Each 0.001 inch of penetration is equivalent to 
1 hardness unit. 

The instrument shown in figure 6-13 is de- 
signed to measure mold hardness in a way 
similar to that of the Brinell hardness tester 
used to determine the hardness of metals; here, 
though, a 1/2-inch radius ball is loaded with a 
980-gram spring load. To determine mold sur- 
face hardness with this instrument, merely 
bring the face plate in firm level contact with 
the mold surface and read the hardness direct 
from the dial. Excessive pressure has no ef- 
fect on the reading. If it is desired to hold the 
indicator needle at the hardness measured, 
depress the hold button. In practical terms, 
readings from 20 to 30 indicate a very soft 
surface; readings from 30 to 50 indicate a soft 
rammed mold; readings from 50 to 70 indicate a 
medium surface hardness; readings from 70 to 
80 are equivalent to a hard surface; and readings 
from 80 to 95 indicate a very hard rammed mold. 

Since hardness is closely related to strength 
and permeability, the results of hardness tests 
made on molds may be used to estimate the 
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Figure 6-13.— Device for determining green 
surface hardness. 


Chapter 6—SAND CONTROL TECHNIQUES 





strength and permeability of the sand after it 
has been rammed by the Molder. Research has 
revealed that the ratio of the strength of the 
sand in the mold to the strength of the sand in 
the laboratory is three-fourths of the square of 
the ratio of the hardness of the mold to the 
hardness of the laboratory specimen, 


m 2 (3) 
S 4 |H 


Expressed as a formula solving for mold 
strength, Sm» We have: 


2 
_ 3fh 
Sm = afe) S, 
where 
H = hardness of laboratory test specimen 
h = hardness of the mold 
S = strength of the laboratory specimen 


To illustrate the use of the formula, suppose 
that the laboratory specimen’s surface hardness 
is 80 and that its average strength value is 12 
psi, and that mold surface hardness is 50. Sub- 
stituting in the formula we have 


_ 8 (50\* a 

Sm ^4 (36) 12 — 3.5 psi. 
From this result it is apparent that ramming 
as expressed in terms of mold surface hardness 
has considerable effect on the strength prop- 
erty of the sand in the mold. Had the mold 
been rammed to a hardness equal to or slightly 
in excess of the laboratory hardness, this great 
reduction in strength would not have occurred. 
Mold strength is directly proportional to 
hardness and ramming pressure. On the other 
hand, mold permeability is inversely propor- 
tional to hardness and ramming pressure. To 
estimate the effect of ramming on permeability, 
measure mold surface hardness and use the 
following formula to determine mold perme- 

ability, P 


x XM) UE) 
Pn PS bon ae e. 
where 
H = hardness of laboratory test specimen 
P = permeability of laboratory specimen 
h = mold hardness. 
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Using the same hardness data used in the 
previous example, and a laboratory specimen 
permeability of 91 when the data are substituted 
in the formula, we have a mold permeability of 
145: 


80 x 91 

Pin | ey F 145 

The difference in hardness (due to ramming) 
changed permeability 54 points or 60 percent. 
But then, ramming as reflected by the mold 
surface hardness isn’t the only factor that in- 
fluences the venting ability of the sand in the 
mold. Permeability is also affected by the 
depth of sand over the pattern. To get a still 
better picture of venting ability of the sand in 
the mold, the formula for venting permeability, 
Pm? which takes factors other than mold hard- 
ness into consideration, is useful: 


P = 25V Pm Pm $ 
Y D 
where 
Pm = mold permeability 
D = depth of sand over pattern in inches 


Using the value for mold permeability cal- 
culated in the previous formula and assuming 
a depth of sand over the pattern of 5 inches we 


have 
P, = — = 60. 


Hardness tests, then, have an important place 
in the foundry sand control program. The test 
is used to check the hardness to which a mold 
has been rammed and to get an estimate of 
the effect different amounts of ramming have 
on essential mold properties. For laboratory 
tests, the reading should be made immediately 
after the specimen is stripped from the tube 
container. Shop tests should be made as soon 
as the pattern is withdrawn from the mold. 


Other Sand Tests 


Many tests in addition to those described in 
this section are employed to determine the 
properties and to describe a sand. Some of 
these tests include SINTERING POINT—the low- 
est temperature at which a sand begins to 
fuse; DEFORMATION—the amount in inches per 
inch that a sample changes its shape before 


it breaks during a strength test; CHEMICAL 
ANALYSIS; and a whole series of tests to de- 
termine the properties of molding and core 
sand at elevated temperatures. Although each 
test is important and each property investigated 
has implications for the production of sound cast- 
ings, the special complex instruments required 
are not available in most foundries. As a con- 


sequence, test for sintering point, deformation, 


behavior at high temperature and chemical 
analysis are usually confined to research labo- 
ratories or the sand labs of large industrial 
foundries. The tests we have presented herein 
can be conducted with the equipment available 
on repair ships. When these tests are consid- 
ered as a group, they provide good coverage of 
the more important properties of foundry sands. 


UTILIZATION OF TEST 
RESULTS 


Sand control is more than a series of isolated 
tests. The methods presented in this chapter 
to describe a sand and to determine its proper- 
ties are not an end in themselves. To be of 
real value, test results must be used by the 
foundryman to reduce losses due to defective 
castings and to improve the quality of the cast- 
ings he produces. Further, sand control tests 
may be used to develop a sand mixture having 
the best properties to produce a given class of 
castings. Once these ‘‘best properties’’ have 
been selected, control test data will indicate 
whether or not these properties are being main- 
tained. 

Sand suitable for the production of a partic- 
ular class of castings must have characteristics 
that fall within a given range. For example, a 
naturally bonded sand satisfactory for copper- 
nickel castings has a GFN from 130 to 120 
(grain class 3), clay content from 12 to 14 per- 
cent, moisture content from 6 to 7.5 percent, 
green compression from 6.5 to 8 psi, perme- 
ability from 37 to 50, and a sintering point of 
2400* F. Sand control test data for other sands 
suitable for typical types of castings are pre- 
sented in table 6-6. These ranges have given 
satisfactory results, but they are given here 
only to serve as a guide. The actual value 
finally selected is determined by a comparison 
of casting results and the test data records, 
results from experimental trials, information 
from other foundries, or instructions from the 
Naval Ship Systems Command. 
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Table 6-6.— Range of Green-sand Properties Suitable for the Production of Typical 
Castings. 


lype casting 


(%) 


Alunmuinuim 23i sace Sy UZ S Ee ee wre’ 
Brass and bronze 
Copper-nickel 
PSL ONE BON. 4-9 oie ke: Y OX edat» 
Medium iron 
Light steel, ua 22093» 9€ 3 08046 CU yes 
Heavy steel 


NN m e` DO 
O O Qn On O O Q 


SAND MIXTURES AND SUBSTITUTE 
MATERIALS 


The several types of foundry sand, their 
origins, the ingredients, the percentage of each 
that goes into the mixtures, and the procedures 
for properly mixing molding and core sands are 
presented in Molder 3 & 2, NavPers 10584-B. 
Our purpose here is to call attention to the fact 
that variations in the mixing procedures em- 
ployed will cause a sand having identical pro- 
portions of the same ingredients to develop 
different properties. If hand and shovel mixing 
methods are employed, the procedure should be 
standardized; that is, mixing with the shovel, 
adding moisture, and riddling should be accom- 
plished in the same way by all shop personnel. 
Where mechanical mixers are used, adjust- 
ment of the mixer as well as the mixing proce- 
dure, including mixing time, are important. 
Table 6-7 shows the approximate mixing time 
used to prepare a batch in some eommon types 
of mechanical mixers. 

In cases where stock items are depleted it 
is often possible to use a substitute. If raw 
washed silica sand is not available, reclaimed 
backing sand may be used for facing, if it is 
properly bonded. Some beach or dune sands, 
relatively free from crustaceous matter and 
feldspar, some fine building sands, and some 
natural sand deposits containing clay, may also 
be used as a substitute for silica. 

If bentonite is not available, portland cement, 
fire clay, or some natural clays may be used; 
corn flour may be replaced with ordinary wheat 
flour; sugar or molasses can take the place of 
dextrine. Whatever substitutes are used, the 
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Range of properties 


Comp. Perm. GFN Sint 
(psi) (#) (#) ( F) 
6.7-7.5 7-13 225-160 2350 
7.0-8.0 13-20 150-140 2350 
6.5-8.0 37-50 130-120 2400 
6.0-7.5 10-15 200-180 2350 
7.5-8.0 40-60 86-70 2400 
7.5-8.5 125-200 56-45 2600 
7.5-8.5 130-300 62-38 2700 


amount of organic materials and clay should be 
kept to a minimum and the amount of good clean 
sand grains to a maximum., 

When cement is used as a bonding material 
to replace clay and cereals, the mix should 
contain 11 percent dry cement by weight, and 
7 percent water. Molds are then made as though 
regular sand were being used, but they are al- 
lowed to ‘‘set’’ for 24 to 72 hours depending upon 
the size of the mold and the type of cement. 
After “setting,” the mold is hard enough to be 
used without flask support. The use of cement 
in this way is known as the RANDUPSON proc- 
ess. When using this process, clay and cereals 
in all forms must be avoided, backing sands 
containing clay cannot be used. Water content 
must be controlled very carefully, otherwise 
the process may be explosively hazardous. 

When fire clay is used to replace bentonite 
in the standard Navy synthetic mixture, the fire 
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Table 6-7.— Approximate Mixing Time for 


Common Mixer Types. 












Mixing 
time for 
backing 
sand 


Type mixer 


Clearfield .... 3 
"Mulbaro'.... 3 
Simpson ..... 3 
"Speedmullor'!. 1 


MOLDER 1& C 





clay content should be between 10 to 14 percent; 
with this, moisture content should be held be- 
tween 6 and 7 percent. This mixture is most 
satisfactory and is not as sticky as the regular 
synthetic all-purpose sand. 


SAND CONTROL 


Sand control has three important ramifica- 
tions for the supervisor of a Navy foundry: 
(1) it provides preventive control over the mix- 
tures prepared for daily use; (2) it ''tells"' you 
when sand is ‘‘wearing out"! and needs recondi- 
tioning or replacement; and (3) it provides in- 
formation useful in determining the cause of 
casting defects due to sand conditions. 


PREVENTIVE MEASURES 


The purpose of ROUTINE SAND CONTROL 
TESTS is to make sure that the properties of 
your molding sands are within the required 
range and thus prevents the production of defec- 
tive castings. Routine tests are preventive in 
that they are usually made on each batch of 
sand before the mixture is rammed in the mold. 
As a consequence, variations in moisture, per- 
meability, and strength are quickly detected 
and can be remedied with a minimum of lost 
time, effort, and material. 

A good sequence for these daily routine tests 
is as follows: (1) determine percent moisture 
with the Speedy or the teller and balance; 
(2) while the sample is in the specimen tube, 
determine permeability by the orifice or helicoid 
gage method; (3) determine the hardness of each 
standard green specimen while it is in the 
specimen tube prior to the conduct of a subsequent 
test; and (4) after stripping the sample from 
the specimen tube assign an average strength 
value on the basis of three compression strength 
test results. These four tests should be made 
on each batch of sand as it is prepared for the 
Molder. In addition, tests for clay content and 
grain fineness and distribution should be run 
once each month on each type of sand in your 
foundry. 

Whenever you receive a new supply of sand, 
the entire series of tests should be run to es- 
tablish the new material's characteristics and 
properties. In fact, it is often worthwhile to 
prepare experimental batches in which all fac- 
tors but one are held constant while the factor 
being investigated, say moisture, is varied. An 
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example of the results of such an experiment is 
graphically portrayed in figure 6-14. Similar 
experiments may be conducted to determine the 
effect of varying clay content, grain fineness, 
mold hardness, and mixing procedures. In any 
event, whether you conduct experiments or 
routine tests, keep a record of each series of 
tests on each type of sand. Note, in addition to 
test values obtained, the composition of the 
mixture, the mixing conditions, and the date of 
the tests. 


RECONDITION OR 
REPLACEMENT OF SAND 


The condition of used sand may be deter- 
mined from the results of sand control tests. 
By comparing the results from your monthly 
analysis of clay content, fineness, and distribu- 
tion with those recorded for the sand when it 
was new, you can determine the extent to which 
use has modified the basic characteristics of 
the grain as well as the degree to which perme- 
ability and strength values have varied. Visual 
examination of the material retained on the 
several sieves will reveal any foreign inclu- 
sions as well as grain-edge rounding. The 
quartz grains themselves are little affected. 
Usually there is an increase in the percentage 
of fines and this may be responsible for changes 
in permeability and strength. 

When equipment is available, it is possible 
to recondition used sand by a process involving 
wet scrubbing and/or heating in a roasting oven 
to a temperature of 1200? to 1500? F. This 
procedure removes the clay and binder adhering 
to the grain. It is these coatings which are most 
affected by the heat generated in the mold dur- 
ing the casting process. When reconditioning 
equipment is not available, several other meth- 
ods may be employed depending on the circum- 
stances. When a naturally bonded sand loses 
its strength, an addition of new naturally bonded 
sand will boost the strength back to normal; if 
new naturally bonded sand is not available, a 
suitable addition of bentonite or fire clay may 
be mulled in to restore strength. Likewise, 
when permeability drops off and sieve analysis 
reveals excessive fines, normal properties can 
usually be restored by removing the fines. 
Foundries having Simpson mullers or speed- 
mullers can remove fines through the use of 
the air blast with which these mullers are 
equipped. Foundries having porto-mullers are 
not so fortunate. Here itis necessary to design 
a piece of equipment in which a thin layer of 
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PERCENTAGE MOISTURE 


18.41x 


Figure 6-14, — Effect of changes in moisture content on the strength values of a natural plate mold- 
ing sand shear and compression expressed in psi; tensile strength in ounces per inch. 


dry sand can run past a fan or blower having 
enough blast to remove fines and burned out 
clay, but at the same time permits the good 
grains to fall through. Another way to recondi- 
tion sand is to add new sand to the old. In each 
of these methods, test results will indicate what 
steps are needed to recondition your sand. 
Once your sand has been reconditioned, these 
same tests will tell you whether it is suitable 
for use. 


SAND CONDITION AND 
CASTING DEFECTS 


Defective castings may be due to factors 
other than sand; i.e., faulty pattern design, im- 
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proper molding or gating techniques, or incor- 
rect melting and/or pouring procedures. Never- 
theless, even if the details of patternmaking, 
molding, melting, and pouring are correct, 
faulty castings may result if the molding and 
core sands do not possess the properties re- 
quired to do the job. With the exception of sand, 
good procedures have been utilized for many 
years to control conditions responsible for the 
high percentage of castings that found their way 
to the sorap heap. Only in recent years, how- 
ever, has sand control been employed to im- 
prove the foundry product and to reduce waste. 
Evidence for the value of sand control exists in 
the fact that the important industrial foundries, 
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including naval shipyards, have taken sand 
preparation and the development of adequate 
properties from the realm of ‘‘feel’’ and “guess? 
and placed it in the hands of the sand technician. 
If sand control was unnecessary or ‘‘didn’t pay?! 
it wouldn't be in these foundries. 

Some defects due to improper sand condi- 
tions are blows, drops, scabs, rat tails, pin- 
holes, metal penetration, and dirt inclusions 
(see fig. 6-15). Such defects as a pinhole, pene- 
tration, and dirt inclusion are self explanatory. 


A brief description will make the meaning of 
the other terms clear. A RAT TAIL is an ir- 
regular line seen on a casting. Metal on one 
side of the line is slightly higher than that on 
the other. The defect is caused by a slight 
movement of the sand—a result of sand expan- 
sion. A somewhat similar defect is the BUCKLE 
caused by sand expansion movement in two di- 
rections. Here the metal works its way behind 
the displaced sand. A third defect due to expan- 
sion is the SCAB, In this case, sand breaks 
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Figure 6-15.— Representative casting defects due to sand conditions. 
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away from the mold face allowing metal to fill 
the area behind the breakaway. 

A DROP on the other hand is a defect caused 
by a portion of sand dropping from the cope 
during or after the mold has been closed. Sur- 
plus metal fills the void space in the mold wall, 
and usually, the dropped sand becomes fused in 
the casting. A BLOW is a void spot in the sur- 
face of the casting. It is due to the formation 
of a gas pocket which prevents the metal from 
laying against the mold wall. 

The possible causes and remedies for these 
and other defects are listed in table 6-8. Notice 
that defects may be due to more than one sand 
condition. Isolating the casual factor in a given 
defect problem, therefore, involves a process 
of elimination. This is where your records 
come in. If, in the past, you have correlated 
the properties of the foundry mixtures with 
casting results, an inspection of your records 
should give you a lead toward the solution of 
the problem. Sand control used in this way is 
an important tool in froubleshooting. Trouble- 
shooting, which implies solution of the problem, 
is high on the list enumerating the characteris- 
tics of a good foundry supervisor. 


OIL-BONDED SAND 


A new sand composition has been introduced 
in recent years and is now widely used through- 
out shipboard foundries and at shore activities. 
The new mixture is known as oil-bonded sand; 
it may also be referred to as waterless molding 
sand. The sand used in oil-bonded sand is not 
new; however, the other ingredients used in the 
mixture are new. Instead of water andits binders, 
oil-bonded sand contains a special type of oil and 
binders. The result is an oil-bonded sand that is 
far superior to the old type of water-tempered 
molding sand. 

You are perhaps well aware, from experience, 
that many problems are encountered in using the 
old type of water-tempered molding sand. A 
main problem is that the slightest change in 
moisture content will cause a drastic change in 
the mechanical properties of the molding sand. 
Thus, under the best controls, moisture content 
of the molding sand will vary. This is due pri- 
marily to evaporation losses, heat losses, and 
variable moisture content. Becuase of water's 
low boiling temperature, little can be done to 
prevent the evaporation of moisture in sands. 

Oil-bonded sand offers the advantage of pro- 
ducing less gas. When fine oil-bonded sandis em- 


ployed, the casting finish is improved and a more 
precise casting can be produced. The soundness 
of a casting also is improved due to a reduction 
of generated gas when the molten metal is poured 
in the mold. Oil-bonded sand also has less ofa 
chilling effect than water-bonded sand; this per- 
mits production of a casting that has a more 
uniform grain structure. 

Oil-bonded molding sand may be used suc- 
cessful with ferrous and nonferrous alloys. 
Its use with large ferrous castings (300 lbs or 
more), however, is not recommended. 


INGREDIENTS 


The sand used for making oil-bonded mix- 
tures is a dry silica sand which is free from 
clay content. Sands with natural clay content 
produce less desirable castings. This is mainly 
due to the fact that clay absorbs moisture and 
oil. Thus, the clay content of oil-bonded sand 
should remain below one-half percent, and the 
moisture content one-quarter percent or less. 
A sand’s fineness number of 120 to 180 has been 
used successfully with nonferrous alloys; when 
casting ferrous alloys, a coarser sand should 
be used. 

Modified western bentonite is used as abinder 
in oil-bonded sand. The properties of modified 
western bentonite are similar to those of southern 
bentonite. Western bentonite is high in dry and 
hot properties. Whereas, modified western ben- 
tonite is low in dry and hot properties. The modi- 
fied western bentonite is sometimes called ben- 
tone. Most bentones are organic ammonium 
compounds. These bentones have the ability to 
to swell and gel when mixed with solvents 
(bonding agents) such as oil. Since the structural 
layers of the bentones will absorb oil, greater 
spacing is formed between the layers ofthe bentone 
structure. 

The oil used as a bonding agent in oil-bonded 
sand is superior to water because it boils at a 
higher temperature. Because oil generates less 
gas, it requires less sand control due to lower 
evaporation losses. 

The selection of the correct type of oil is 
a must in order to produce satisfactory castings 
in oil-bonded sands. A coastal oil of about 
SAE 40 weight gives excellent results. High 
detergent oils and lubrication oils that contain 
specialized inhibitors should not be used. These 
oils tend to interfere with, rather than help, 
the bond reaction. 

A catalyst, or gelling agent, is also used in 
oil-bonded sands. There are several solvents that 
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are used as gelling agents. Methyl alcohol is 
one such gelling agent. Another is Catalyst P-1. 

Iron oxide sometimes is used in oil-bonded 
sands. When an excessive amount of oilis evident 
in a sand mixture, iron oxide is added to absorb 
the excess oil. (Another method that can be 
used to absorb the excess oil is to add new 
silica sand and bentone to balance the formula.) 
In addition, iron oxide is used to correct the 
balance between fine and coarse sand. 


MIXTURE AND CONDITIONING 


It is important that new oil-bonded mixtures 
be mixed in a muller. When properly mixed, 
maximum bond is obtained. Mixing by other meth- 
ods will result in an unsatisfactory mixture. 

The following mixture can be used as a guide, 
the ingredients being added in the order given. 
First of all, weigh 100 pounds of dry silica sand 
of the required grain fineness number and dump 
the sand into a muller. Next, weigh five pounds 
of bentone and add this to the muller also. Then 
dry mix the sand and bentone for about one minute. 
Now, while the muller is in motion, add two pounds 
of oil slowly and mix for ten minutes. Finally, 
add one ounce of catalyst and mix for a minimum 
of three minutes. 

Once the oil-bonded sand has been used, it 
only requires reconditioning by riddling. Ex- 
perience is the best teacher to determine when 
the sand needs rebonding (addition of ingredients). 


However, rebonding is normally required when the 


sand's green strength has been reduced suffici- 
ently, thus causing scabbing or washing. The 
rebonding cycle (mulling) and the amount of addi - 
tives required will depend upon several factors. 
First, a high btu input will affect the binder and 
burn out the oil. The strength of the sand is re- 
duced when high btu input occurs. À hot casting 
remaining in a mold for a long period of time 
is one example of high btu input. Next, the amount 
of unwanted sand, such as burnt-out core sand, 
will require additions of more binder and oil. 
Finally, when hot castings are shaken out pre- 
maturely and the flash point of oil is at its 
proper temperature, ignition will occur, and thus 
more oil will be required. 


MECHANICAL PROPERTIES 


In most cases, experience dictates the de- 
sired mechanical properties of oil-bonded sand. 
However, most foundries work within a range of 
8 to 12 psi green compression strength. 


An oil-bonded sand which has a GFN of 140 
will normally have a permeability of about 15. 
(It should be remembered that oil-bonded sands 
generate less gas. Thus, finer sands with lower 
permeability can be used.) A permeability of 15 
is adequate for most nonferrous alloys. The best 
casting finishes are obtained when the mold has 
a uniform hardness of about 80 or higher. 
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Chapter 7 


MOLDING PROBLEMS AND TECHNIQUES 


In this chapter a detailed description of 
each phase of a molding procedure is given 
only when the problem presented differs from 
the usual methods employed. Fundamental oper- 
ations such as selecting the flask, riddling sand, 
peen and butt ramming, striking off, slicking 
down, rolling over, drawing patterns, venting, 
and cutting gates will not be described unless 
a special technique is involved. However, the 
production of a sound casting depends in large 
measure, upon how well the fundamental oper- 
ations are performed. 


Because the method of molding is similar 
in green, dry, and skin-dried sand casting pro- 
cedures, these practices are not considered 
separately. As you may recall, the fundamental 
difference between green, dry, and skin-dried 
molds (in addition to initial moisture content) 
is the treatment they receive after molding 
is completed and before the casting is poured. 
Dry sand molds are oven-baked to drive off all 
moisture and to develop greater strength and 
resistance to erosion; skin-dried molds are 
dried to a depth of 1/2 inch or more by surface 
heating with a Hauck burner or an oxyacetylene 
heating torch; green sand molds are poured 
immediately after they are rammed. Although 
most of the castings you produce will be poured 
in green sand, the other methods offer advantages 
when the casting being produced has considerable 
mass or the formation of excessive mold gas 
(steam) is likely to increase the formation of scab 
defects on the surface ofthecasting. 





Molding is an endless job in Navy foundries. 
Some of the jobs that are performed are simple 
and others are complicated. A knowledge of the 
information in this chapter should aid you when 
performing some of the more complex jobs. 


Before getting into the actual subject matter 
of this chapter, let's take a moment to consider 
what results you may expect from studying this 


material. If you study this chapter carefully, 
you should find yourself able to: 


1. Explain the fundamental difference between 


green, dry, and semidried molds. 


2, Explain how sandis molded aroundthe teeth 
of a gear. 

3. Explain how the cast on-end molding pro- 
cedure aids in the production of a sound casting. 

4. Tell how an old castingis prepared for use. 

o, Explain why the cope of floor molds usually 
requires reinforcing bars and the cope of bench 
mold does not. 

6. Explain the purpose of facing sands. 

7, Explain how to determine the weight that is 
required to hold the cope in place when the mold 
is poured. 

8. List the advantages of CO, process. 


9, Explain the purpose of a ram-up core 
print. 


BENCH MOLDING 


To present every conceivable molding job 
that the Navy molder may be called upon to 
handle would require a sizeable handbook. The 
problems presented in this chapter are typical 
examples representing classes of molding jobs 
selected toillustrate general principles applicable 
to a variety of jobs. 


The molding procedure for the sanitary pump. 
impeller illustrated in figure 7-1 is that of a 
typical parted pattern molding problem and illus- 
trates several important moldingtechniques--use 
of gaggers, soldiers, top gates, and vents. Note 
particularly the use of nails (see B and D of 
fig. 7-1) as gaggers to reinforce the sand around 
the hub and the use of soldiers to support the 
green sand cores which will be suspended in 
the cope when the mold is closed. These devices 
are used to prevent drop-out when the mold 
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A-DRAG PATTERN PLACED B-DRAG PARTLY RAMMED 





[E- PATTERNS DRAWN | 


[F-MOLD COMPLETED 


18.43 
Figure 7-1.— Molding a sanitary pump 
impeller. 


is closed and erosion of hub area when the casting 
is poured. 

When a moldofthistypeis rammed, the facing 
sand must be tucked carefully between the blades 
and webbing around the hub to get good pattern 


reproduction. The sand around the nails should 


be tucked and then rammed with a ramming 
tool whose peen has a cross section small 
enough to be worked between the nails without 
disturbing their position. Molding the cope is 
similar to molding the drag except for the 
placement of soldiers and the insertion of top 
gates. 

Because the casting is designed for top 
pouring, the metal will fall a considerable dis- 
tance before it enters the mold cavity. Top 





gates are used to minimize splashing and possible 
erosion at the bottom of the mold. Another and 
perhaps better way to handle this problem is 
to use astrainer core (see fig. 7-12G) in the gating 
system near the entrance to the mold cavity. 
Another alternative is to use a splash core in the 
drag at the bottom portion of the hub, In this 
example as with other examples presented inthis 
chapter, more than one mold design may be 
devised to produce a sound casting. 

The problem illustrated in figure 7-2 is 
typical of the class of work in whichthe principle 
of casting in the drag is applied. While this 
is not a true flat-back mold, the design of the 
part is such that only a portion of the boss need 
be cast in the cope. No special molding tech- 
niques are necessary to solve this problem. 
However, when molding gears, better results 
are generally obtained when the facing sand is 
forcefully thrown between the teeth instead of 
tucked. 

Although the overall procedure is relatively 
simple, a great deal of skill is necessary to 
make a mold that will produce a casting having 
sound gear teeth properly positioned on the 
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Figure 7-2.— Molding a cast iron gear. 
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Figure 7-3.— Molding with a match board. 
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pitch circle. Drawing a gear pattern from the 
sand is the most complicated part of the job. 
If something goes wrong during the draw, mold 
the part over. Patching the teeth portion of the 
mold is seldom satisfactory. 


MATCH BOARD MOLDING 


Many castings produced in the foundary are 
small symmetrical shapes whose designs lend 
themselves to parted pattern molding. These 
shapes can be moldedindividually and poured in 
a separate flask, but this isnotavery economical 
procedure. Usually the quantity of such shapes 
required at any one time or the frequency of 
requests for them makes the use of a match 
board desirable. The hinge lug shown in figure 
7-3H is typical of this type of molding problem. 
Through the use of a match board similar to 
that shown at À and B of figure 7-3 small shapes 
can be molded using a minimum of hand molding 
operations while keeping dimensional accuracy 
and internal soundness uniform from one casting 
. to another. 

The conventional molding procedure is to 
ram the drag and then ram the cope. ( À some- 
what similar procedure can be employed in 
hand mateh board molding if the molder uses 
the proper precautions to prevent damage to 
the cope face of the board.) In the standard match 
board hand molding procedure, the steps are: 


l. Place 
the bench. 

2. Place 
on the cope. 

3. Place the drag on top with the flask 
pins extending downward through the match plate 
and cope pin holes. 

4, Ram the drag. (After a bottom board 
has been rubbed to a bearing, and vented, roll 
the flask over. Rolling over can be done in one 
operation or in two steps; that is, the whole 
assembly can be rolled over as a unit, or if 
the assembly is bulky, the drag section with 
the match board and bottom board may be lifted 
off the cope and rolled over, followed by placing 
the cope, joint down, on top of the match board.) 

5. After roll over, set the sprue and risers 
in position and ram the cope. 

6. With the cope completed (sprue and riser 
drawn and the pouring basin formed), rap the 
match board. (If the molding bench is equipped 
with a vibrator, use it; vibrating is less likely 
to deform the mold. Frequently, though, rapping 
must be done by hand. Rapping the board jars the 


the cope flask, joint side up, on 


the mateh board, drag side up, 
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sand in both the cope and the drag. Remember 
that a number of light taps in either direction is 
better than one or two heavy raps.) 

7. Carefully lift the cope off the match 
board, lift the match board off the drag, complete 
the mold interior (remove gate patterns or cut 
gates as required), amd close the mold for 
pouring. 


If the flask pin alignment is true and the 
pins fit snugly, disassembly and reassembly 
are no more difficult than in any other molding 
procedure. 

In studying the sequence of operations shown 
in figure 7-3, note that the procedure illustrated 
differs from the one outlined. The procedure 
differs from the usual drag first sequence in 
that the cope is completed before the drag. 
Note how the flask section and match board 
shown at C are set up on wood blocks to avoid 
damaging the patterns on the underside of the 
match board. E and F show the positioning and 
removal of the horn gate while G and H show 
the completed mold and the finished casting. 

Frequently any one of several mold designs 
may be used successfully to produce a sound 
casting. Often the type of pattern equipment 
used and thus the. molding procedure depends 
upon the number of castings to be produced. 
For example, if a large number of castings 
like the sheave shown in figure 7-4H are required, 
it is advisable to make a core box and use a dry 
sand core to form the groove in the rim of the 
casting. If a limited number of these castings 
are required, the use of less elaborate pattern 
equipment may be in order. | 

A method for producing a grooved sheave 
with relatively simple pattern equipment is illus- 
trated in figure 7-4. Because the procedure 
differs considerably from the usual method of 
molding, it is explained in detail. 

The sheave problem illustrated has two im- 
portant aspects: making the green sand core;and 
removing the pattern from the mold. To make 
the green sand core it is necessary to mold a 
false cheek; to remove the pattern from the mold 
requires a special sequence of operations. The 
sequence and techniques used are: 


1. Place a cope flask, joint down, on a mold 
board and position the cope half of the parted 
pattern and a sprue in the flask, Ram the cope in 
the usual manner as shown at A of figure 7-4. 
Place a bottom board on top of the cope and roll 
the flask over. 

2. Next, cut the sand at the flask joint 
down about 30? to the tip of the groove all 
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Figure 7-4,— Molding a sheave. 


around the circumference of the pattern (see 
B, fig. 7-4). Because the cut-down surface 
area will serve as a core print and as a parting, 
its length must be sufficient to support the core 


after the pattern has been removed. Note that 


two-thirds of the space between the intersection of 
the cut-down parting line and the flask joint line 
and the innermost point of the groove is a core 
print. Adequate core prints are always important; 
in this problem they are crucial. 

3. After cutting down the print-parting, slick 
down the surface area, sprinkle parting compound 
over the parting, and place the drag portion of the 
pattern and flask in position. 

4. Mold the green sand core. Carefully tuck 


facing sand into the grooved portion of the pattern. 


Ram the core tightly and form a parting having 
the same angle on the drag side of the core 
as that previously formed inthe cope (D, fig. 7-4). 
Slick down this surface area and blow out any loose 
sand. Apply parting compound to the entire mold 
joint area and ram the drag. 

5. Now lift off the drag (E, fig. 7-4). Note 
that the core remains in the cope. Next, rap 
and remove the pattern from the drag. Close 
the mold, place a bottom board ontop of the drag, 
and roll the entire flask over. 

6. Lift off the cope (F, fig. 7-4), then rap and 
draw the cope half of the pattern. Check the mold 
interior carefully and repair damage if required. 
Set the vertical dry-sand hub core and close the 
mold for pouring (G, fig. 7-4). 
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Figure 7-5.— Molding a reducing pipe fitting. 
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MOLDING PRESSURE FITTINGS 


A reducing pipe fitting may be molded with 
any type of mold design; for example, a two-part 
pattern or the cast on-end prodedure may be used. 
The simplest and most economical procedure 
necessitates a two part pattern. This method is 
satisfactory in most cases; however, if high quality 
castings cannot be obtained using this method, the 
alternate cast on-end procedure (fig. 7-5) may be 


used. This method requires more cores (a cover 


core as wellasa center core)and alarger number 
of molding operations than does the horizontally 
positioned parted pattern method. 


In the cast on-end procedure illustrated in 
figure 7-5, the drag is rammed with the large 
flange end of the pattern on the mold board. 
Next, as shown at B, a parting is cut flush with 
the top of the upper flange. Then, after the loose 
flange part ofthe pattern (C) 1s removed, the cover 
core (D) is placed in position and the remainder 
of the drag is rammed. After rolling the drag 
over, attach the cope flask section. Then place the 
cope core-print pattern-part, the sprue, and the 
riser in position, and ram the cope. À sectional 
view of the completed mold with the center 
core in place 1s shown in figure 7-5F. 


Figure 7-6 illustrates the pattern equipment, 
the highlights of the molding procedure, and 
a view of a pressure housing before the removal 
of the sprue, gates, and risers. The problem 
is & straightforward parted pattern job. It is 
included because it represents a class of castings 
having heavy wall sections and areas of mass. 
Further, it is the type of problem in which clean 
sound metal is particularly important. 


Four risers are included in the mold design 
to provide metal to those areas where shrink 
defects might occur. To make sure that an 
adequate supply of clean metal enters the mold 
with a minimum of splashing, turbulence, and 
erosion, two parting line runners and a pair of 
horn gates feeding into the bottom of risers are 
incorporated intothe single sprue gating system. 
A comparision of the cope (D), the drag with 
the core in place (E), and the casting as shown at 
F will make the mold's design apparent. 


Facing nails are inserted into the face of 
the mold to reinforce the sand pockets around 
the flanges. Nails are also placed at similar 
points in the drag. Other than the details noted, 
the procedure follows that of drag first molding. 
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Figure 7-6.— Molding a pressure 


housing. 


MOLDING INTERCAST MEMBERS 


Cast units having linked orintercast members 
are challenging molding problems. A cast unit 
like a series of chain links in which considerable 
clearance exists between the intercast parts is a 
problem in designing a system of gates and risers 
and not a problem of preventing fusion of the 
intercast parts. The molding positions of the link 
patterns are alternately flat and upright. Half 
of each link is cast in the drag, the other half 
in the cope, with each link being completely 
surrounded by sand. This, of course, requires 
two different link pattern designs: one splitting 
the link into two elliptieal half-round parts, 
and one separating the link into a pair of C's. 
The design of the mold may be one in which the 


‘series of links have a common gating system, 


or each link may be provided individual sprues, 
gates, and risers and poured separately even 
though they are in the same mold. 

Intercast members like the swivel hook illus- 
trated in figure 7-7 require a two step casting 
procedure, First the hook itself (A) is molded 
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Figure 7-7.— Molding intercast 
members. 


and cast;then the swivel is cast around the hook's 
shank. Assuming that the hook has been cast, the 
procedure for producing the final intercast unit 
is as follows: Prepare the hook's shank to 
prevent fusion between it and the swivel when 
the latter is poured and to provide the clearance 
necessary to permit the required freedom of 
movement in service. The preparation consists 
of removing all roughness from the shank and 
head of the hook and then building up this 
surface area with a coating of sand. The coating 
is built up by repeatedly applying a coating of core 
oil followed by sprinkling a thin layer of fine sand 
over the area until the ,desired thickness is 
obtained. The sand coated hook is then thor- 
oughly oven-dried. Next, make the cope and 


drag halves of the core illustrated at C, figure 
7-7. The core box setup shown at B requires 
careful planning on the part of the Patternmaker, 
The hook portion must be the same size as the 
precast hook to provide a tight fit when the hook 
is later inserted in the core. The swivel portion 
must allow for metal contraction. After the core 
has been rammed and baked, place the hook in 
the drag portion of the core and paste the cope 
portion of the core in place. Then ram the core 
in a mold as if it were a flat-back pattern as 
shown in D. This last step is not essential, but is 
recommended as an added precaution against 
possible metal breakout. 


SPECIAL TECHNIQUES 


An infrequently used but valuable technique is 
STOPPING-OFF. This is a molding operation in 
which an unwanted depression made in the mold 
by the pattern is filled in with molding sand or a 
special core. The stop-off part of the pattern may 
be included in the pattern's designto avoid spring- 
ing during molding or to prevent warping while 
in stowage. Typical patterns having a stop-off are 
those with a tie bar betweenthe parallel members 
of a yoke, or plate patterns having reinforcing 
bars. There is no special problem; the pattern 
is molded in the usual way. After drawing, the 
depression made by the stop-off portion of the 
pattern is filled with sand. Stop-off pattern 
parts are usually indicated by the color of green. 

Occasionally the term stopping-off refers 
to the process of reducing the size of a mold 
made by a pattern that is too long or too wide, 
but which is correct in all other respects. 


The most frequent application of this technique 
is with cylindrical bodies. As shown in figure 
7-8, a half section of the stop-off pattern is 
placed in the mold to form the part adjacent 
to the section that is to be filledin or stopped-off 
with sand. The original pattern is usually marked 
with strips of wood toindicate the length required. 
In figure 7-8, A is one-half the original pattern 
showing the portion to be stopped-off; B is a 
section of flask (both cope and drag are alike) 
with the mold cavity formed to original pattern 
sizes; C shows the stop-off pattern in position 
(sand is filled in around it as indicated); D 
shows one part of the mold after stopping-off. 
The stop-off core shown in figure 7-15 is another 
way in which a stop-off may be employed. 

The problem of molding a part whose shape 
does not lend itself to the usual molding pro- 
cedure, because it cannot be placed flat on the 
mold board to bring the desired portions of the 
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pattern into the cope and drag, can be solved 
by bedding-in or by using a follow board. If 
a large number of castings are required, it 
may be advisable to have the Patternmaker 
construct a follow board. However, if only one 
or two castings are to be made, the Molder 
will probably bed the pattern in the drag and cope 
out a parting. The use of a follow board means 
extra work for the Patternmaker. Yet, bedding-in 
and coping-out require several time-consuming 
hand molding operations, particularly if the 
process must be repeated six or seven times. 

Another solution to the problem is the use 
of a sand match. Figure 7-9 shows a latch arm 
pattern typical of this sort of problem and the 
sand match constructed for it. 

The frame for the sand match is usually 
secured to a bottom board. The diameter of 
the frame should be slightly smaller at the 
top than at the bottom. This taper serves to 
hold the sand in position when the match is 
subsequently rolled over. The height of the 
frame depends on the pattern and the amount 
of coping-out necessary. When the frame has 
been constructed, riddle in sand and ram it 
up as if it were an empty flask. After trowelling 
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18.50x 
Figure 7-8.— Molding a stop-off. 


the surface smooth, place the pattern in the 
desired position on top of the sand. Then, dig 
out under that portion of the pattern that is to 
extend into the cope until the pattern sinks to 
the desired parting line. If the match is to be 
used for more than a few molds, the pattern 
outline on the face of the match should be painted 
with molasses mixed with water to give it a 
hard resistant surface. 

The exact technique for making the match 
depends on the job at hand. In the match illus- 
trated, it was necessary to bed the pattern 
slightly as well as to cope out. Once the match 
has been made the mold is rammed by using the 
match as though it were a mold board; that is, 
the drag is placed on the frame, rammed, and 
rolled over in the usual manner. Then, after 
removing the match, the cope is rammed and the 
mold completed. 

Making a mold from an old, worn, or broken 
casting is a job frequently encountered on a 
Navy repair ship and at advanced base foundries. 
Handling this kind of a job requires greater 
skill and familiarity with unique techniques than 
is usually required for jobs in which a pattern 
is utilized. Castings whose patterns originally 
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Figure 7-9.— A sand match. 


offered little or no obstacle in ramming or 
withdrawing from the mold often become complex 
problems when the mold must be produced from 
the casting. Aside from the problems presentedin 
molding, the casting must be prepared for use as 
a pattern. The surface must be cleaned and 
smoothed so that it will draw from the sand, 
tap holes must be filled, missing parts must 
be built in, machine surfaces must be lagged 
or built up, core prints must be added, and 
the necessary core boxes provided. Plastic lag- 
ging material or other sheet plastic is used 
for building up, closing holes, and allowing for 
contraction. Because using a casting for a pattern 
is an emergency procedure, contractionis usually 
ignored on the pattern, but is somewhat com- 
pensated for by additional rapping known as 
shake. The new part consequently will be slightly 
smaller than the original, but usually not suf- 
ficiently so to effect the emergency use of the 
part. 

The problem illustrated in figure 7-10 shows 
a procedure for producing a mold from acasting. 
Although the part is small, it is a more complex 
molding job than that offered by many of the 
emergency jobs that turnupinthe foundry.Some of 
the more complex features of the casting illus- 
trated include an irregular parting line, small but 
relatively deep pockets, and a depression in 
the casting which will interfere with drawing 
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the pattern from the mold unless a special 
molding technique, a drawback, is employed. 
A detailed description of the molding procedure 
illustrated in figure 7-10 follows. 

The first step is to select an appropriate 
flask, Then place the drag, joint up, on a bottom 
board and fill the drag with riddled facing sand. 
Bed-in the pattern and the horn gate. (See 
A, fig. 7-10.) Complete the ramming operation, 
frequently checking the location of the previously 
selected parting line on the casting as ramming 
proceeds. After slicking the joint line (B), check 
the vertical position of the pattern and that 
portion of the parting line lying in the same plane 
as the flask joint line to be sure that they are 
satisfactory. Note the area where sand projects 
into the pattern; this is the drawback area. 

Cope-out (cut down) the sand to form the 


irregular parting line. Make the downward slope 


as shown in C as gentle as possible so that the 
bearing area is large, and thus avoid the need 
for special reinforcing in this portion of the cope. 
Note that the horn gate terminals are in the 
irregular parting plane rather than the flask 
joint plane. This factor has to be considered 
when the gate and pattern are bedded-in. 


Now study the mold area in which the draw- 
back is to be constructed. Visualize the various 
angles of possible draw. Choose the one giving 
the most immediate separation of sand and 
pattern face. Then cut out, remove loose sand, 
and slick the drawback trough (D, fig. 7-10). 
Next, prepare a sheet metal drawback support 
and place it in position as shown at E. See 
that sufficient clearance is allowed between the 
plate and the pattern. If proper clearance is not 
provided, the plate may fuse to the casting when 
the mold is poured. When assured that the plate 
fits and will slide freely in the trough, remove 
the plate and shake parting compound over the 
drawback area. 


Coat the upper surface of the drawback plate 
with core paste and replace it in the mold. 
Then carefully tuck a layer of facing sand 
into the depression in the pattern. Next, cut 
foundry nails to an appropriate length,. coat 
them with core paste, and place them as shown 
at F, figure 7-10. The nails are included in 
the structure to reinforce the sand inthe drawback 
so that it will more readily withstand the stress 
of drawing. Also, their inclusion makes the job 
of patching less difficult should damage occur. 
After inserting and bedding the reinforcing nails, 
finish the drawback as shown at G. 
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Figure 7-10.— Molding with a casting as a pattern. 
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Having completed the drag, attach the cope, 
Shake parting compound over the parting and 
pattern, position the sprue and risers, and 
ram the cope. Note the manner in which the 
foundry nails shown in H are used to reinforce 
the green sand that projects down into the pocket 
from the cope. The sand around the nails must 
be careful tucked and rammed. Ramming 
between the nalls is best done with a narrow slat 
(1/4 to 3/8 inch thick) as a peen. Complete the 
cope, removing sprue and risers, and form the 
pouring basin. Then carefully lift off the cope. 
This is a difficult lift and the chances are 
you will have to do some patching. 


When it is necessary to repair a portion 
of the mold, the patch should be worked in 
place by hand. This permits the sand to bond 
better than when the surface is slick. The 
surface should not be slicked until the patch 
area has been completely built up. If the sand 
in the mold is too dry to patch properly, it 
Should be moistened to form a good bond. The 
moisture should be applied with a spray rather 
than & swab. The sand in the patch has a greater 
moisture content than sand in the mold; the patch 
should be well vented to avoid the formation of 
excess steam. 


The view at I shows the mold after it has been 
opened. À parting line gate has been cut in the 
cope to permit metal flow from the sprue to the 
horn. Note how the print on the cope will function 
to hold the drawback in position when the mold is 
closed for pouring. 


The next procedure is to withdraw the green 
sand core (drawback). This is probably the most 
difficult step in the molding operation. First, 
scribe a line across the drag face to mark the 
closed position of the drawback as shown in I. 
Then rap the pattern. Gently vibrating the pattern 
back and forth with one hand, work the core away 
from the recess in the pattern. Withthe drawback 
clear (J), remove the pattern from the mold (K). 
Cut the gates between the risers and the mold 
cavity (L), and close the mold. The inset at 
L shows the casting used as a pattern in this 
problem. 


FLOOR MOLDING 


The molding problems illustrated and dis- 
cussed thus far have been concerned with typical 
bench molds. In the main, the floor molding 
techniques presented in the following paragraphs 
are similar to those used in bench molding. 


However, because the mold is usually too large 
and too heavy for one man to handle, and greater 
volumes of sand are rammed up, the details of the 
molding techniques differ. In bench molding 
the problem of sand dropping out (drop-outs) 
while the cope is being manipulated is not critical 
unless there are intricate contours or masses 
of sand projecting from the cope into the drag. 
Sand in flasks up to 15 inches will support itself. 
Sand in flasks larger than this requires support. 
Flasks for floor molds exceed the 15-inch size. 

In general, then, the cope of a floor mold 
needs reinforcing bars and, usually, gaggers. 
These devices must be arranged and positioned 
in the cope so that they do not touch the pattern 
or interfere with the molding process.In general, 
a 3/4-to l-inch minimum clearance should 
exist between gaggers and the pattern and a 
minmum of 2 inches between the wooden bars and 
the pattern. Space between the crossbars should 
be from 5 to 6 inches. When considering the 
depth of the flask, remember that a layer of 
sand (1 to 3 inches, depending on the mass of the 
casting) is required between the bottom board 
and the bottom of the mold to prevent burning the 
bottom board. The inside of the cope, including 
the crossbars, should be thoroughly cleaned and 
coated with a clay wash. Gaggers should also be 
freshly clay washed before they are positioned: 
in the mold. 


Floor molds are often made in standard 
steel flasks. Frequently, though, the odd size 
of the part makes the use of a specially con- 
structed wood flask necessary. These flasks 
are made by the Patternmaker. The drag is 
merely a frame of the required size, but the 
cope is made with built-in reinforcing bars. 
(See fig. 7-11E.) The bars are cut as required 
to provide the proper clearance between the 
bars and the pattern. When a standard flask 
is used, the Molder inserts the bars (usually 
steel) himself and wedges them in place with 
wood blocks. 


In general, floor molding with a wood flask 
requires the following procedure. First, place 
the mold board in a solid, level position on 
the foundry floor. This is best done by making 
a shallow bed of sand on the floor, placing the 
board on the bed, and tucking sand under the 
mold board cleats as necessary to level the 
board. Then place the drag on the board and 
position the pattern. At this point, the cope 
should be placed on the drag to check the 
position of the pattern relative to the cope 
reinforcing bars. After making any adjustments 
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Figure 7-11.— Molding a large valve body. 
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necessary, the cope is removed and the molding 


process begun. 


As in bench molding, facing sand is riddled 
over the pattern to a depth of 1 inch, followed 
by hand tucking the sand firmly around the 
pattern, Next, a 4-inch layer of heap sand 


is shoveled into the drag and peen rammed 


around the inner edge of the flask and lightly 


|. around and over the pattern. After adding a 
| second 4-inch layer of sand and peen ramming, 


fill the flask heaping full and physically ''walk 
off' the drag by treading down the heap with 


, your feet. Butt ram and strike off the excess 


sand. After thoroughly venting the drag, place a 
clamp the assembly 
firmly and prepare to roll over. Make a sand 
bed adjacent to the flask so that the bottom board 
cleats will rest level when the drag is rolled 
over. After roll over, tuck and ram sand under 
the cleats as necessary to make the flask level 
and solid. Then remove the clamps and mold 
board. 

Check the face of the mold for soft spots. 
Where these exist, press down solidly with 
your fingers, fill in the depression firmly by 
hand, rub the spot level, and then slick the 
parting with a trowel. With the parting completed, 
place a small handful of sand at those locations 
on the parting surface where the sprue and 
risers are to be inserted. Next, place the cope 
half of the pattern in position and shake parting 
compound over the pattern and parting. Next, 
riddle facing sand over the pattern and drag 
parting surface to a 1l-inch depth. Carefully 
tuck sand around the pattern. With a trowel, 
remove the lumps of sand previously placed on 
the face of the drag to mark the position of the 
sprue and risers and then attach the cope. Riddling 
facing sand and tucking around the pattern before 
the cope is attached are necessary when a wood 
flask having built-in reinforcing bars is used. 
There are several reasons: if the operation is 
performed with the cope in place, the facing 
sand cannot be riddled evenly over the drag 
because the reinforcing bars will interfere; simi- 
larly, the bars may interfere with the tucking 


operation 


After cleaning and clay washing the cope, 
sprinkle a layer of molding sand over the wash, 
attach the cope to the drag and insert the 
sprue and risers. Riddle in another 1-inch 
layer of facing sand and tuck tightly under 
e reinforcing bars and around the pattern. 
t, place gaggers as necessary. For maximum 
iveness, two-thirds of the length of the 
shaft should be above the lower edge of 


the cope crossbars. The entire gagger should 
be dipped in a clay wash before it is set in 
place. 

Having tucked sand under the bars and placed 
the gaggers, fill the flask with heap sand, and 
peen ram between the bars, being careful not to 
strike the gaggers, the pattern, or the reinforcing 
bars. Then fill the flask heaping full, walk it off, 
and butt ram. After striking off, removing the 
sprue and risers, and venting to within 1/4 inch 
of the pattern, prepare to lift off the cope. 

Lifting the cope of a floor mold requires at 
least two men; occasionally it requires a hoist. 
Place a set-off box or a pair of wood or metal 
trestles next to the flask to support the cope 
after it has been lifted from the drag. Usually, 
it is advisable to prepare four wood wedges which 
can be driven in, a little at a time, between the 
cope and the drag parting joint at each corner of 
the flask. Separating the cope and drag in this 
manner increases the probability of lifting without 
mold damage. The cope must be carefully handled 
while being placed in an inverted position on the 
set-off, joint side up. 

Before the pattern is drawn from the mold, 
parting surfaces should be tested for soft spots 
and repaired as necessary. Usually foundry nails 
must be inserted to provide extra reinforcement 
where small pockets of sand exist. When these 
steps are completed, moisten the sand adjacent 
to the pattern with a bosh (avoid using an excess 
of water); then rap and draw the pattern. 

If the casting contains nickel, use kerosene 
instead of water to swab the pattern before the 
draw. Nickel will not lay against water but will 
lay against kerosene if it is not usedin excessive 
amounts. Finally, cut the gates between the mold 
cavity and the sprues and risers, make any nec- 
essary repairs, spray the mold with graphite or 
other suitable coating, andclose the mold. Clamp- 
ing the flask is essential. Avoid jarring the mold 
in the process, or the mold may be destroyed. 
Use a small pinch bar to tighten the clamp with 
wedges; never drive the wedge under the clamp 
with a striking tool. 

Some of the highlights of the floor molding 
procedure discussed in the preceding paragraphs 
are illustrated in figure 7-11. Note particularly 
the use of reinforcing nails at D andthe placement 


of gaggers at F. 


Large-head reinforcing nails may be used to 
eliminate the possibility of mold erosion re- 
sulting from the churning action of flowing metal. 
The use of this technique is especially important 
in dry sand molds for steel castings. The nails 
should be inserted at basins at the bottom of 
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runners, near gates, and at all edges and pro- 
jections. Spacing should be at about 1- to 1 1/2- 
inch intervals with heads flush with the mold 
surface. These molds are then washed with silica 
flour and molasses water applied with a soft 
brush. After washing, the molds are baked. The 
view at E clearly illustrates the point previously 
made about the spacing of reinforcing bars and 
the fact that they must be prepared to provide the 
proper clearance. Note also that the edges of the 
bars are beveled. 

The construction of a pouring basin on top of 
the cope is a procedure commonly used in floor 
molding, particularly when the moldis constructed 
with a parted pattern. In the valve body problem 
illustrated, the pouring basin supplies metal to two 
sprues which fill the mold through the gates shown 
at G. Special risers were not includedinthe mold 
design. Wall thickness in this instance is uniform 
and the casting design is such that progressive 
solidification will occur. After the mold is filled, 
the twin sprues will serve as feed heads. 

Although the majority of floor as well as 
bench molds may be produced in a two part 
flask, occasionally the shape or the height of the 
casting makes the use of one or more cheek 
sections necessary. A sketch of sucha casting and 
the molding procedure for producing a flanged 
machine base is illustrated in figure 7-12. 
With a problem such as this, thought should be 
given to the flask as well as to the mold design. 
Making the height of the cheek flask section 
equal to that of the cheek portion of the pattern 
simplifies molding because an irregular parting 
is avoided. Where the height of the casting is 
great it may be advisable to split the cheek into 
more sections. As a rule, though, a mold design 
having the least number of partings is preferred. 

The first step in the molding procedure illus- 
trated in figure 7-12istoramthe drag core print. 
After rolling the drag over andtooling the parting, 
attach the cheek section and place the cheek por- 
tion of the pattern in position. Although rein- 
forcing bars are not included in the cheek in this 
problem (fig. 7-12D), some cheek molds require 
the cheek as well as the cope to be provided with 
built-in support bars. In this particular problem, 
the use of gaggers in the cheek should adequately 
reinforce the sand. 

With the cheek section of the pattern and 
flask in position, insert the sprue, sprinkle 
parting compound over the drag parting, and 
riddle in a 1-inch layer of facing sand. Then, 
place freshly clay-washed gaggers as shown at D. 
Note that the shanks of the gaggers are placed 
against the sides of the flask while the toes are 
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angled toward the pattern. Be surethat a 3/4-inch 
clearance exists between each gagger toe and the 
pattern. Next, tuck facing sand around the pattern, 
fill the cheek with sand, finish ramming the 
cheek, and make the parting. Ina similar manner, 
ram the cope, placing the sprue and risers as 
required. Figure 7-12E shows the mold after the 
cope has been rammed. 

Because the mold is high, a step gate is used 
to reduce sand erosion and turbulence at the 
bottom when the mold is poured. Offsetting the 
cheek and cope sprues decreases the height of 
metal fall and thus contributes to the production 
of a sound casting. A three part mold in which 
the metal enters at the bottom of the mold cavity 
lends itself well to step gating and down pouring. 
To further decrease the possibility of erosion, 
the bottom ofthe step gate may be a dry sand core. 

Prior to opening the mold to draw the pattern, 
fillet the cope portion of the pouring cup and form 
the riser overflow cavity. Then lift off the cope, 
place it in an inverted position, joint side up, on 
trestles, draw the cope portion of the pattern, 


Slightly fillet the sprue, and cut the gate between 


the riser and the flange mold cavity. Next, 
bosh and rap the cheek portion of the pattern and 
lift the cheek flask section from the drag. The 
pattern should not lift withthe cheek. After lifting, 
carefully set the cheek on trestles. Because there 
are no reinforcing bars, the cheek should not be 
rolled over. To do so may damage the mold. As a 
consequence, the bottom in-gate between the sprue 
and the mold cavity is more awkward to cut than 
the step gate between the offset sprues in the top 
parting. When the cheek is completed, rap and 
draw the core print from the drag. Figure 7-12F 
is a sketch of these mold opening steps. The final 
phase of the job is settingthe core and closing the 
mold. An isometric cross-sectional view of the 
completed mold is shown in figure 7-12G. 

A pouring basin similar to that shown in 
figure 7-11H may be constructed if desired. An 
alternative procedure is to use a pouring (strainer) 
cup as shown in figure 7-12G; the sprue hole at 
the top of the cope is filleted and the preformed 


‘cup positioned above the sprue. Sand tucked into 


the space between the pouring cup's outer wall 
and an — metal ring anchors the cup to 


not be used when more than 75 sd a of metal 
is poured as the core will disintegrate and was} 
into the casting. 

Occasionally facing material like silica 
or plumbago (graphite) is applied to the fac 
mold to impart a smoother surface to the c: 
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Figure 7-12.— Molding a machine base. 
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Silica flour is used in the production of most steel 
castings and plumbago is generally applied to 
molds for gray iron. A technique sometimes em- 
ployed when facing materials are used is that of 
printing back, or replacing the pattern in the 
mold after the facing material has been applied. 
Printing back sharpens the detail of the mold 
cavity. 


CORES AND MOLDS 


Although many of the problems presented in 
this chapter have used cores in the mold design, 
little has been said about coremaking or core 
setting problems. The materials, equipment, and 
fundamental techniques of coremaking are dis- 
cussed in Molder 3 & 2, NavPers 10584-B. In 
any molding job requiring cores you must employ 
sound coremaking techniques. 


To perform its function, the core (specially 
treated sand mass) must be capable of forming 
internal and external parts of the casting without 
breaking, distorting, or eroding while being as- 
sembled, being set in the mold, or while the 
casting is being poured. To be satisfactory, a 
core must maintain its strength during the initial 
stages of metal solidification, but at the proper 
time it must disintegrate to permit normal metal 
contraction. A core therefore must have adequate 
green strength to maintain its shape after being 
rammed and turned out of the core box; it must 
have sufficient dry strength to withstand handling 
during assembly and setting; it must possess the 
quality of refractoriness so that is can withstand 
the heat of surrounding metal; it must be suf- 
ficiently permeable to facilitate the venting of 
gases; and it must be capable of disintegrating 
at the proper time. Obtainingthese characteristics 
of a satisfactory core requires the selection and 
mixing of suitable materials, the utilization of 
proper ramming and rodding techniques, and per- 
haps most important of all, proper baking. The 
skill necessary to produce satisfactory cores is 
gained through experience in applying the funda- 
mentals presented in Molder 3 & 2, NavPers 
10584-B. 


GREEN TOP AND 
AIR DRIED CORES 


Several classes of cores are described in 
Molder 3 & 2, NavPers 10584-B. Two additional 
classes described in this chapter are green- 
topped cores and air set cores. 


GREEN-TOPPED cores are combinations of 
green sand cores and baked cores; that is, part 
of the core is baked while the remainderis green 
sand. (See figure 7-13.) Green-topped cores are 
used quite extensively in some foundries and have 
been found to have numerous advantages. They 
have good collapsibility and can be shaken out 
easily. The bottom half of the core is made as 
usual in a baked or dry sand mixture, properly 
vented, checked, and baked. The top half of the 
core is made of green sand facing, the same gen- 
eral mixture used for molding. The dried, lower 
half of the core is then placed on top of the green 
sand half while it is still in the core box. The 
complete assembly is then rolled over with the 
dried half acting as a support for the green sand 
upper half. The joint between the two core halves 
is finished off by slicking down the green sand. 


After the core has dried in the air for a short 
period of time; the complete core assembly is 
ready for use. 

The following green sand mixture for green- 
topping of cores has been found satisfactory. How- 
ever, as in all sand mixes, variations in the per- 
centages of dry ingredients may be necessary. 


Washed silica sand (dry) 


AFS TÜeSLOU du xo $ k Y x oo 95.5 percent 
Goth flour «ik sok se ewe & BS Percent 
Bentonite 4, 4544 < x w hw N 3.0 percent 
DONIS. 45 € Boer ee eer’ 1.3 percent 
Moisture (approx.).....e..- 3.5 percent 





102.78 
Figure 7-13.— Green-topped cores for 
valve bodies. 
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AIR SET cores are made from a silica sand 
and a resin binder. A catalyst (acid) is added 
to the mixture to increase the setting time of 
the core. The amount of catalyst used, the size 
and shape of the core, and weather conditions 
determine the setting time. Before using this 
class core, samples should be made to determine 
the validity of material for specific needs. Cores 
of this type need less rod support than other 
types, require no oven, finish clean and smooth, 
have good collapsibility, and are easy to shake 
out. 

Air set type cores are made through the use of 
a Furan type binder. When the binder is treated 
with an acid catalyst, it changes to a tough, hard, 
brownish-green resin at room temperature. It is 
the final resin that holds the sand grains together. 
The catalyst used is 75 percent strength phos- 
phoric acid; it is a water white, syrup-like liquid, 
with no odor. 

The air set core mixture is used for large 
work where cores can be stripped in 30 to 60 
minutes, and used 4 to 6 hours later without 
baking. Cores retain a plastic surface which 
allows stripping from rough boxes with little 
or no damage. Hardness of core will build up to 
85 plus on the hardness scale in about 2 hours 
after it is removed from the box. Final cure is 
reached in about 4 hours. 

In all instances, 2.0 percent commercial 
binder is added to the amount of sand. Generally, 
the amount of catalyst used is 20 to 35 percent 
of the weight of the binder. The catalyst is al- 
ways dry mixed with the sand and the binder 
is always added last. 

A minimum of 3 minutes mulling time of the 
binder is required. If the sand is cold, mulling 
time in excess of 3 minutes will be required to 
distribute the binder. 

The binder starts to cure as soon as itis 
mixed with the catalyst. Therefore, the amount 
of catalyst used, sand temperature, and mulling 
time are directly related to the working time of 
sand mix. Generally the sand mix should remain 
flowable for about 15 to 20 minutes. 

The type of sand used has abearing on working 
time and stripping time. Under identical condi- 
tions, the silica sands cure faster than lake or 
bank sand. Therefore, the amount of catalyst 
used must be adjusted accordingly. 


USE OF CORE PRINTS 
You are familiar with the conventional appli- 


cation of both green and dry sand cores to pro- 
duce hollows and depressions in castings. An 
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example of a common core type is illustrated in 
figure 7-6E; here, as in most jobs involving 
cores, a most important element is the core 
print. The print size necessary to support the core 
depends on many factors including the weight of 
the core, the amount of liquid displaced, the kind 
of metal, and whether the core is partially or 
completely submerged. However, by a rule of 
thumb, the length of core prints for horizontally 
positioned cores is made one-half the diameter of 
the core plus one inch. The diameter is, of course, 
governed by the size of the openinginthe casting. 

There are four basic types of core prints: 
extended, surface, set, and ram-up. EXTENDED 
PRINTS are most common. Here a section of the 
core extends into a recess in the mold. This is 
the kind of print illustrated in figure 7-6E. 

SURFACE PRINTS are used when a portion of 
the main body of the coreis not covered by metal. 
In this instance, rammed molding sand bears 
directly on the core and holds it in place. A 
print of this kind is illustrated by the cope portion 
of the kiss core shown in figure 7-144. 

SET CORE PRINTS are small cores that pro- 
trude from the surface of the mold a distance 
equal to the thickness of the metal desired. 
These small cores support the main body core 
which rests on top. If the design requires a 
casting with solid walls, chaplets rather than set 
cores are necessary. 

The fourth basic type of core print, the 
RAM-UP PRINT is ramm:d up with the pattern. 
Instead of forming a portion of the casting as is 
the case with the ram-up core shown in figure 
7-15, the ram-up print aids in setting a main 
body core correctly since a tapered portion of the 
print corresponds to a hole in the main body 
core, Usually ram-up prints are employed only 
in the drag. 

There are many variations ofthese basic print 
types. Consequently, you may hear cores as well 
as their prints called by a variety of names, i.e., 
wing, drop, and tail. Some cores, like the kiss 
core shown at A figure 7-14, do not have a core 
print as such. They depend on contact pressure to 
hold them in position. Cores for vertical molds are 
frequently held in position in this way.Generally, 
a print is provided to locate the core in the drag. 
The length of the core should be about 1/64 
inch longer than the pattern so that the core 
will be held firmly by the pressure of the sand. 

When a casting has anopening on one end only, 
a balanced core like that shown at B figure 7-14, 
may be employed. Here, the length of the print 
must be sufficient to support the weight of the 
core projecting into the casting and to resist the 


MOLDER 1&C 
pR€———r snn VF FT w 














-9 
© © © © 0.0 9 .9.0.0:07079797474749,9:0:07079"4757,9,9,9.9 9: 
BEN HI I : 9,9, 070094 9,*, 
$20 0,0,0,0,0,0 0 4949,9,9 9 0705494949, 09 02020 0 49,9, 
d cà eeeee Y60022 e 0563949, *,9. 242252 toee 

* 1049,09 0.07040 4949 49,9,09 SA 

—B8 
x5 





















` e "7 PE * Pte t- . o € .* r 
ki o0 g oe b Zoe e" ** ? @ ee ast, é i! 2 i e, * 
— pp SOS y 

d zx 





Ut eg rs adea b 
QO $052 XM 
- 910292020,0204040402940:0:029, 9:0, 0.0 0 4 . `. 
10505050505, 505960605060 6060 0€ 05A "er Me 
SSK I OS 


" XD ' sete 
SS . 8 > < or: 
58 
— — XXI ^ 
aata aTa a. ad od ad a ae ae ae a a eh o — * (l 
dili di 2 OX OX. Dx yC yC OX X X OX X XXX OR X RO m Ñ 























— S 
N w Nx 
X 217721] 777m 
—53 p~. ^h E R e Y xU 
— "5 Cee?! ot ‘N SS ee NB P4 Erit i 
PC GU LR b. B J \ BRG . A 
f]? 2x , i£ -- y. oat À * 14 yy ° (HT 
` . K XJ w TT TT "oT" AP OCOY NO T" X X x Sd - 5 A 
iN) Eat — 0 0 00 5 9 s E I | ETN ( 
LN. Rd “000707 7000000202 %0000224%2%%2 |; — 
< -1. te" "-* C2COCOCOC OCC OCC 5 2 — S005 e *. E: 
IIIS ESQ ES v 
MO 1070767474747 4*5*474*4*4*4*,9,9,9, 05050905059] ] - Z, > 
N n ——8 Bss8 Ur 
N Sate Rh — PM 
` A * e , 
s * eb. © 9e 1 ° v T. TN 
N Sins v K “` -. & ; +" * —— ^. z; . 
—— SSS I Ta, 
CORE ROD * 
18.55x 


Figure 7-14. — Some typical core applications. 


force of bouyancy exerted by the metal surrounding 


it. The use of this core design without chaplets 


is limited to small castings. Chaplets are 
generally required in large castings to ensure 
uniform wall thickness. 

Occasionally a cover core (fig. 7-14C) may be 
used to advantage when the casting has a deep 
pocket. This general shape can be produced by 
a green sand core projecting from the cope, but 
if more than a few castings of this type are to be 
produced the use of a cover core like the one 
illustrated simplifies the molding problem. 
Another way to make this kind of shape is to use 
a hanging core as illustrated at D. Here the core 
is held in position by wires or rods run through 
the cope and attached to a support bar instead 
of being supported by a print. 

Ram-up cores are used to form portions of a 
casting that are difficult to make in green sand. 
They are incorporated in the mold while the mold 
is being rammed. The ram-up core is positioned 
in the flask with the pattern and then remains in 
the mold after the pattern is withdrawn. The 
principle is illustrated in figure 7-15. Whenram- 
up cores are used, the mold should be poured 
as soon after ramming as possible, otherwise, 
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the ram-up core will absorb enough moisture to 
cause blows. A somewhat similar application is 
the use of a core as a core print, as previously 
described. This is usually done whenitis apparent 
that green sand will not provide an adequate bear- 
ing surface for the print of a large core. Some- 
times a core used as a substitute for a green sand 
print is called a SET-UP CORE instead of a ram- 
up print. 

Figure 7-16 illustrates how a core may be 
used as a stop-off. In the problem illustrated, the 
core also forms the slotted holes in the vertical 


RAM-UP CORE 





18.56x 
Figure 7-15.— Ram-up core. 
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Figure 7-16.— A stop-off core. 


leg of the casting. Thus, in this case, the core 
performs a dual purpose; that of a core forming 
a portion of the casting, and that of a stop-off 
to prevent metal from entering that part of the 
mold cavity formed by the core print. 

Whether simple or complex, self-supporting 
or held in position by chaplets and wires, cores 
must be carefully assembled and checked for 
dimensional accuracy before they are set in the 
mold. In a production shop, checking may be 
done with special jigs; in a job shop, the Molder 
relies on calipers and a rule. As coring becomes 
more intricate, checking and assembly of cores 
increase in importance. This point is illustrated 
by the interlocking series of cores necessary to 
produce the diesel engine cylinder liner shown in 
figure 7-17. In this instance, a high degree of 
accuracy is required to produce a sound dimen- 
Sionally accurate casting. The series of photos 
in figure 7-17, need little explanation: two views 
of the casting are shown at A and B; C illustrates 
the completed cope and drag; D, the cores in- 
volved; E, the jigs used to check the size of cores; 
and F, G, and H show the core setting sequence. 


DISTORTION IN MOLDS 


During the pouring of the mold, the tendency 
for the cope to float can be overcome by either 


weighting the mold or clamping the mold parts 
together. For example, cast iron weighs 0.26 
pounds per cubic inch, and molding sand weighs 
approximately 0.06 pounds per cubic inch. Ac- 
cordingly, molding sand is lighter than cast iron; 
therefore, the total weight of the sand in the cope 
section of the mold has to be greater than the 
weight of the molten metal upon pouring or the 
cope will tend to float. 

Metal in the liquid or molten state has the 
power to transmit pressure to every part of the 
mold in which it is poured; and when the mold is 
full, the molten metal sustains a pressure equal to 
the weight of a column of metal reaching to the 
uppermost surface of the pouring basin. There- 
fore, it can be said that the weight of the molten 
metal and the height of the metal column will 
influence the ability of the molten metal to exert 
pressure on the mold. In other words, the lifting 
force of the molten metal is due to the fact that 
a liquid will seek its own level and that the pres- 
sure of the liquid is exerted equally in all direc- 
tions. 

Consider what happens in a mold when it is 
poured full of molten metal. The molten metal 
enters the mold through the sprue opening at the 
uppermost surface of the mold, flows through 
the sprue, gates and runners, and finally into 
the mold cavity in the drag. The mold underneath 
the casting will have to support the weight or 
pressure exerted by the metal in the mold. Since 
the mold has a cope, the casting itself will be 
under a head pressure which is equal to the 
thickness of the cope half of the mold. (For ex- 
ample, if the cope is 6 inches thick, the mold will 
be under a head pressure of 6 inches when the 
mold is poured.) 


The downard pressure on the drag half of the 
mold generally will be less than the lifting pres- 
sure on the cope. However, the downward pres- 
sure will have no effect on the mold, but the up- 
ward pressure will tend to lift the cope when 
the mold is poured. To overcome the tendency 
of the cope to rise or float during the pouring of 
the mold, the mold is either weighted or clamped. 


Now consider a mold with a core. That prop- 
erty of a liquid which permits itto support a body 
lighter than itself (buoyancy) tends to float 
the core out of the desired position. If the op- 
posing forces are not equal to, or greater than, 
those of fluid pressure and buoyancy, the casting 
will be dimensionally defective, the flash (fin) 
at the parting line will be excessive, and run-out 
may occur. 
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Mold Without Cores 


Consider first a mold without cores. The 
force required to hold the cope down depends on 
ithe height of the column of fluid metal (that is, 
the vertical height of the sprues and/or risers), 
the projected surface area of the cope in con- 
tact with the metal, and the weight per cubic 
inch of the metal being cast. For the sake of 
illustration, assume that a solid yellow brass 
slab 10'' x 10'' x 3'' is to be cast in the drag of a 
15-inch-square flask in which both the cope and 
the drag have a 6-inch depth. To determine how 
much weight must be placed on the cope to pre- 
vent lifting, we have to find out two things: (1) 
what fluid pressure or lifting force is acting on 
the cope, and (2) what is the force resisting lift? 

The answer to this latter question is found 
by determining the total weight of the: cope, in- 
cluding sand, gaggers, and flask. First find the 
volume of the flask 


(15'! x 15" x 6'' = 1350 cu. in.) 


and multiply this result by the weight in pounds 
per cubic inch of molding sand (0.06). If part of 
the mold cavity is in the cope, the weight of that 
volume of sand must be deducted from the total. 
In our sample problem, the entire cope is filled 
with sand and the value we use is 81 pounds (1350 
x 0.06). To this, add the weight of the flask and 
gaggers. A standard 15-inchcope weighs approxi- 
mately 15 pounds and gaggers are not used in the 
problem under consideration; thus the total down- 
ward force resisting the upward push because of 
fluid pressure is 96 pounds. 

The next step is to determinethe force tending 
to lift the cope. This force depends on three 
factors: (1) the projected surface area of the cope 
in contact with the fluid metal; (2) the height of 
the head above this area of contact; and (3) the 
kind of metal being cast. In our problem, the 
effective area of the casting in contact with the 
cope is 100 square inches (10'' x 10''), 

The next consideration is the height of the 
riser or head. Inasmuch as the contact area is 
at the flask joint, and the depth of the flask is 
6 inches, the head in this case is 6 inches. The 
number of sprues and risers or their diameters 
have no effect on fluid pressure; the vertical 
height is the essential factor. However, the size 
and number of sprues and risers must be con- 
sidered when the weight of the cope is calcu- 
lated. | 

The final factor in determining the fluid pres- 
sure tending to lift the cope is the weight of the 
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metal to be cast in pounds per cubic inch. This val- 
ue for yellow brass is 0.307. The result obtained 
when these three factors are multiplied is the 
force acting against the cope. Fluid pressure 
tending to raise the cope may be determined with 
the following formula 


P = ahm 
Where 


P - fluid pressure tending to raise the cope 
(pounds) 

a - projected area of cope in contact with 

the casting (square inches) 

height of head (inches) 

weight of the metal (pounds per cubic 

inch) 


h 
m 


Substituting values for the symbols, the fluid 
pressure in this case is 184 pounds (100 x 6x 
0.307). The weight of the cope is 96 pounds and 
the fluid pressure acting to raise the cope is 184 
pounds. Subtract the weight ofthe cope (96 pounds) 
from the fluid pressure acting to raise the cope 
(184 pounds), the value is the amount of weight 
that must be placed on the cope to keep it from 
lifting (184-96 -88 pounds). It is customary to 
add 25 percent to this value (88 pounds) to com- 
pensate for metal velocity and head pressure when 
the mold is poured. For thecondition of our prob- 
lem, then, the weight placed on top of the mold 
is 110 pounds (88+25%). 

In the majority of bench molds, the effective 
contact surface area is not nearly so great as 
that in the problem previously considered. A 
6"' by 6'' or 36-square-inch contact area is 
more representative. The larger contact area was 
chosen to illustrate an extreme case. Usually, one 
standard mold weight is sufficient to keep the 
cope of a bench mold from lifting. Where the con- 
tact area is small, the weight of the cope exceeds 
the pressure exerted by the metal. l'or example, 
where the contact area is 6'' by 6'', the pressure 
exerted against the cope is 66 pounds while the 
weight of the cope is 96 pounds. (Note: the other 
factors are the same as in the previous problem.) 


Mold With Cores 


When a core is included inthe mold, additional 
factors must be considered. In addition to those 
involved in the previous problem, it is necessary 
to know the volume and weight of the core, the 
depth to which it is submerged, and whether or not 
the core is totally submerged or bears against 
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the cope. For fhe moment, consider the latter 
condition; that is, a core bearing againstthe cope. 
Assume that instead of a 3-inch-thick slab, a 
pan-like casting having similar dimensions, but 
with walls 1/2 inch thick is required. The core 
forming the inside of the casting will be 9'' x 9"! 
x 21/2" while the mold cavity itself will be 10'' 
x 10" x 3". As shown in the cross-sectional 
Sketch, figure 7-18, the casting is made entirely 
in the drag. 

The cope in this problem is the same as in 
the previous one; the downward force is 96 pounds 
plus the weight of the core. Core weight can 
be determined by weighing or by calculation. In 
the problem considered, core weight is 12 pounds 
(9 x 9 x 2.5 x 0.06). Adding this to the weight of 
the cope gives a total downward force of 108 
. pounds. To calculate the upward force of liquid 
pressure in the present problem, it is necessary 
to determine the area of metal contact with the 
cope, the area of metal contact under the core, 
and the height of the head in each instance. 

Start with the area of the cope in contact 
with metal. The area of interest here is equal 
to the difference between that of a 10-inch 
square and a 9-inch square, or 19 square inches 
(10 x 10—9 x 9). Next, determine the metal 
contact area under the core. In our problem, 
this surface area is 81 square inches. Now de- 
termine the head or the vertical distance between 
the top of the head and the contact area at the 
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18.59 
Figure 7-18.— Mold with core bearing 
against the cope. 
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cope (6 inches). Then determine the head to the 
contact area under the cope (81/2 inches). Using 
the formula P - ahm, solve forthe fluid pressure 
in both instances. The sum of these resultsis the 
total force tending to lift the cope. Pressure bear- 
ing directly on the cope equals 35 pounds (19 x 6 x 
0.307). Pressure bearing directly on the cope 
equals 211 pounds (81 x 8.5 x 0.307). The total 
force acting upwards is 246 pounds. Thus, 187 
pounds (150 plus 25 percent) must be placed on 
top of the cope to prevent lifting in this case. 

When the core is not in contact with the 
cope, there is a somewhat different phenomenon. 
The force acting on the core during the pouring 
operation is related to the difference in weight 
between the core and the metal it displaces rather 
than the height of the head. The total force tending 
to lift the cope then, is a combination of the 
forces acting on the cope alone and those acting 
on the core. It was pointed out previously that a 
liquid will support a substance lighter than itself. 
In most pouring operations, a core tends to float 
or be buoyed up with a force greater than its 
own weight because all metals heavier than 
aluminum have densities greater than sand. 

Assume that you have a core whose dimensions ` 
are 9'' x 9'' x 2'', Assume further that including 
its reinforcing rods the core weighs 10 pounds. 
If this core is placed in a liquid, it will sink 
until it displaces a volume of metal whose weight is 
equal to the weight of the core. The depth to 
which it sinks depends upon the liquid in which 
it is placed. It will float higher in brass than in | 
steel because the latter is lighter. To submerge 
the core to a greater depth than normal flota- 
tion requires the application of additional down- 
ward force. For each unit volume of immersion 
beyond initial flotation, additional pressure in 
pounds equal to the weight of the liquid displaced 
is required. Once the core is submerged the 
force required to keep it submerged is the same 
whether it is just under the surface or several 
inches below. 

For purposes of illustration, assume that a 
yellow brass cored casting having outside di- 
mensions 10'' x 10'' x 3'! with 1/2-inch-thick 
walls is required. The core is 9" x 9"! x 2" 
and weighs approximately 10 pounds. As the 
metal enters the mold and rises in the mold cav- 


ity, the first force to operate is that tending to 


float the core. When the metal just reaches 
the flotation point, the forces are exactly balanced; 
that 1s, the weight of the core (a downward force 
responding to gravity) equals the upward force 
of buoyancy. With continued filling the buoyant 
force increases in magnitude until the core is 
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completely surrounded with metal. At this point 
the force exerted on the core remains constant. 
To determine the magnitude of the force tending 
to lift the core when it is completely submerged, 
and thus the amount of weight or force needed 
to keep the core in the proper position, use the 
following formula: 


B = vd — w 
B = force to hold submerged core in position 
(pounds) 
v = volume of core (cubic inches) 
d = weight of metal (pounds per cubic inch) 
w = weight of core (pounds) 


First determine the volume of the core. In our 
problem, core volume is 162 cubic inches (9 x 9 x 
2). Multiply the core volume by the weight per 
cubic inch of the metal being cast. Since yellow 
brass weighs 0.307 pounds per cubic inch, the 
buoyant force acting on the submerged core is 
49.7 pounds. Subtracting the weight of the core 
from the buoyant force gives the amount of addi- 
tional weight needed to hold the core in a sub- 
merged position. In this case, 39.7 pounds are 
needed to keep the core in place. (P - 162 x 
0.307 — 10). 

Next, determine the force acting to lift the 
cope. The sum of the forces acting on the cope 
and the core is the total weight that must be 
placed on top of the mold. In our problem, shown 
in figure 7-19, the fluid pressure tending to lift 
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18.60 
Figure 7-19.— Mold with totally 
submerged core. 
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the cope is 138 pounds while the downward force 
is 87 pounds. (Note that the weight of the cope 
here must take into consideration that portion of 
the mold in the cope. Also note that the head at 
the projected contact area is 41/2 inches.) 
To hold the cope alone, then 51 pounds must be 
placed on top of the cope. Inasmuch as the 
buoyant force tending to lift the core will be 
transmitted to the cope, either through chaplets 
or prints, the force in pounds required to hold 
the core down must be added to that required to 
keep the core from lifting. 

Thus, the total weight placed on the cope 
in this problem, including a 25-percent safety 
factor, is approximately 105 pounds. 

Most molding jobs involve shapes much more 
complex than those used to illustrate the principles 
involved in calculating the forces tending to lift 
the cope and float the core. The complicating 
element is the surface areas and volumes in- 
volved. Where the shapes are irregular, break 
them down into their simple elements and make 
an estimate of area and volume. Another point 
to bear in mind in determining fluid pressure 
tending to raise the cope is that the effective 
area is not necessarily the total surface area 
of the casting in contact with the cope. The 
projected surface area must be used or the es- 
timate of pressure will be in error. This pro- 
jected surface area is illustrated in figure 7-20. 

Assume that the casting has a cylindrical 
shape and is cast in a horizontal position. Here 
the effective area is not one-half the circumfer- 
ence of the cylinder multiplied by the length (78.5 
square inches) but the area of a plane parallel 
to the flask joint line. As shownin figure 7-20, the 
area of the projected surface in the sample illus- 
trated is 50 square inches. When shapes are more 
irregular, use the largest diameters as factors 
to determine surface area. The value used for 
height of head should be the distance in inches 
from the top of the sprue to the plane selected 
as the projected surface area.Because most cores 
are not completely surrounded by metal, the usual 
practice is to determine the volume and weight of 
that portion of the core that is nearly surrounded 
"^ to use these values to calculate buoyancy and 

The weights (in pounds per cubic inch) of some 
common cast alloys are: 


Aluminum ......5 . 0.098 
Yellow brass. . . < + . < 0.307 
Naval brass ...... . 0.304 
Copper nickel. .. . . e . 0.323 


Cast iTO: «+ a-«« v v 0,098 
DUBBI. o wow S: $5 DANA 
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USE OF CHAPLETS 


Core setting is the last operation before clos- 
ing the mold and pouring the casting. This step 
must be accurately accomplished or the casting 
walls will not meet thickness specifications. For 
the usual run of jobs, one of the basic types 
of core prints previously discussed will serve to 
hold the core in its proper position before and 
during the pouring operation. Occasionally, the 
design of the core is such that the body weight 
of the core exceeds that which the core prints can 
support without distortion or breaking. When this 
situation exists, it is necessary to provide 
chaplets to support the main body of the core 
before the buoyant force tends to lift the core 
during the pouring operation. Further, 1f the 
buoyant force developed exceeds the strength of 
the core print, it will be necessary to provide 
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18.61 
Figure 7-20.— Projected surface area of metal contact in cope. 


chaplets above the core to resist this force. Also, 
when long horizontal cores are used, chaplets may 
be needed below the cores to prevent them 
sagging from their own weight. 

Chaplets should not be used unless they are 
essential. Yet, in a given instance, it may be 
impossible to produce a dimensionally accurate 
casting without them. However, before you decide 
to use chaplets, study the problem carefully. Con- 
sider the design of the mold. Determine the forces 
involved and the relation between core print sup- 
porting capacity and the weight of the main body 
of the core. If a study of the problem indicates 
that chaplets are required, the next consideration 
is how many, what size, and of what material. 

Most cores are not completely surrounded 
by metal, nor do they bear completely against 
the cope as discussed previously in relation to 
figures 7-18 and 7-19. Instead they are supported, 
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at least in part, by core prints projecting into the 
mold. For this reason, it is usually necessary to 
consider core-print bearing area and the load 
carrying ability of the sand as well as the weight 
of the core and the buoyant forceinvolved. Norm- 
ally, rammed green sand can be assumed to sup- 
port a weight of 5 psi, while baked oil-sand 
can support 75 psi. 

Assume that you have a core of a given size 
and weight and that you know the forces of fluid 
pressure and buoyancy involved, The next question 
to which you want an answer 1s whether the core 
prints are capable of supporting the core without 
resorting to chaplets. If not, you want to know 
how many chaplets are needed. 


First, consider the load bearing capacity of the 
core prints. This is equal to the projected surface 
area of the print multiplied by the compression 
strength of the sand (5 pounds per square inch). 
If the print is rectangular or square, the effective 
area is that of the flat surface parallel to the bot- 
tom of the mold. However, if the prints are cylin- 
drical, the projected area is determined in a man- 
ner similar to that illustrated in figure 7-20. For 
example, a cylindrical core print having a 1 1/2- 
inch diameter and a length of 3 inches is capable 
of supporting a load of 22 1/2 pounds (1.5 x 3 x 5). 
The total load that the core prints of a mold can 
carry is equal to the sum of the projected areas 
multiplied by the compression strength of the 
sand. 


USE OF RAM-UP CORE PRINTS 


When the weight of the core or the buoyant 
force exceeds the load carrying capacity of the 
prints some provision must be made for distri- 
buting the excess load. Sometimes this can be done 
by using ram-up core prints. This technique 
spreads the load over a greater green sand area, 


while the print area itself 1s greatly strengthened . 


because baked core sand can carry 75 psi. To il- 
lustrate, suppose you have a core weighing 55 
pounds supported by two 11/2-inch by 3-inch 
prints. In green sand, these prints are capable 
of supporting 45 pounds (2 x 221/2). By making 
the print of baked core sand so that the base 
of the print is 21/2 inches by 3 inches the 
green sand is then able to support a core weigh- 
ing 75 pounds without changing the size of the 
print on the core (21/2 x 3 x 5 x 2). 

The decision to use ram-up core prints to 
distribute the weight of a core over a larger 
green sand area should be made during the 


production planning conference since core boxes 
are required. The same thing is true when 
chaplets are to be used. 


DETERMINING CHAPLET 
REQUIREMENTS 


To illustrate the procedure involved in de- 
termining chaplet requirements, assume that you 
are asked to make a yellow brass casting like 
the one shown in figure 7-21. Here, anunbalanced 
core, well anchored in the mold at one end is 
used. À step by step procedure for determining 
chaplet requirements follows: 

Determine the weight of the core nearly sur- 
rounded by metal. In effect the core consists of 
two cylinders; one, 12 inches long with a 3-inch 
diameter, the other, 3 inches long with a 11/2- 
inch diameter. The total core volume nearly 
surrounded by metal is 90 cubic inches. The 
weight, then, 1s 5.4 pounds (90 x 0.06). 

Next, determine the buoyancy that will tend 
to lift the core when the mold 1s poured; using 
the method previously described. The force of 
buoyancy acting on this core is 18.6 pounds. 

The safe load carrying capacity of the green 
sand print is 11.2 pounds. Here the projected 
area of the print is 2.25 square inches. When 
more than one print supports a core, the safe 
load carrying capacity is the sum of the carrying 
capacity of all prints. Each print must carry 
its proportional share of the core weight. For 
example, assuming that the core is symmetrical, 
if two prints were carrying the core, each 
would have to support 2.6 pounds. 

Now determine the difference between the 
forces acting on the core and the load carrying 
capacity of the prints. The difference must be 
carried by chaplets. Actually, there are two 
problems here: (1) Supporting the core before 
metal is poured; and (2) holding the core in 
position during and after pouring until solidi- 
fication progresses sufficiently to make support 
unnecessary, Examine the first problem. Even 





18.62x 
Figure 7-21.— Casting for which chaplets 
are required. 
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though the single print is capable of carrying an 
11.2-pound load when the weight is evenly dis- 
tributed over the prints projected surface area, 
it does not necessarily mean that it is capable of 
carrying the weight of a core when the load is 
not evenly distributed. This is the case when a 
mold has an unbalanced core. Here there are 
local concentrations of stress that exceed the 
sand’s capacity to resist loading. A calculation 
of the stresses involved requires a determin- 
ation of centers of gravity and bending moments 
which are beyond the scope of this training course. 
The amount of support that an unbalanced core 
requires, however, depends on the unbalanced 
force it exerts. If you are confronted with 
this problem in a critical situation, the amount 
of support required to hold up the unbalanced 
end can be determined with a spring scale as 
shown in figure 7-22. The core should be positioned 
in the setup so that the entire print rests ona 
block of wood or other rigid member, while 
the point of contact between the unbalanced por- 
tion of the core and the spring balance is the 
same as that selected as the point of chaplet con- 
tact. The value in pounds indicated on the scale 
is the amount of support the chaplet must pro- 
vide. 

For the casting shown in figure 7-21, the 
chaplet under the core must carry approximately 
4 pounds of the core weight. Now the green sand 
under the chaplet will support 5 psi of area. But 
the weight carried by the chaplet must be dis- 
tributed over a sufficient area to prevent the 
chaplet from sinking into the sand. This area is 
called the NECESSARY CHAPLET AREA, Chap- 
let area is determined by dividing the load on 
the chaplet by the load carrying capacity per 





18.63 
Figure 7-22.— Determining unbalanced 
weight of unbalanced core. 
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square inch of sand. In our problem, the nec- 
essary chaplet area is 0.8 square inch. 


(= = 0.8) 


From this information we know that the chaplet 
selected to support the core must have sufficient 
strength to support 4 pounds and must have a 
bearing area of 0.8 square inch. When so little 
weight is involved and the chaplet area required 
is relatively small, one chaplet will adequately 
support the core before the casting is poured. 

The second problem involves the chaplets 
placed above the core to resist the buoyant 
forces acting on it. Because the core is a rigid 
member, and the buoyant force tending to lift 
the core acts equally on all portions of the core 
(whether balanced or unbalanced), the load is 
distributed equally throughout the projected sur- 
face area of this core print. Consequently, the 
difference between the force exerted by buoyancy 
and the load carrying capacity of the print equals 
the load to be carried by the chaplets. In our 
problem, the excess load due to buoyancy that 
the chaplet will carry is 7.4 pounds (18.6 — 11.2). 
The necessary chaplet area in this instance is 
1.48 square inches. Chaplets with a head surface 
area equal to the necessary chaplet area and 
with strength to adequately support 7.4 pounds 
are required in the problem illustrated. 

Theoretically, one chaplet meeting the above 
requirements will support the core. However, 
there are other considerations; one is the tendency 
for gas to form under the head of the chaplet. 
For that reason itis better touse several chaplets 
when the necessary chaplet area 1s large. In the 
problem discussed, two light chaplets are rec- 
ommended rather than one chaplet having a head 
equivalent to 1.48 square inches. 

Another consideration is the diameter of the 
chaplet stem. This diameter must be sufficient 
for the chaplet to support its share of the core 
weight even when the temperature of the chaplet 
approaches that of the surrounding metal. For 
this reason, the chaplet strength must be some- 
what greater than that needed to support a load 
under normal conditions. Chaplets are manufac- 
tured with these considerations in mind. Thus, 
when you select chaplets meeting the require- 
ments of necessary chaplet area and length of 
stem, the strength factor 1s taken care of by the 
design. Table 7-1 gfves the load that is safely 
sustained by various, size chaplets in molten cast 
iron. For example, if a mold has a thin wall, 
1/8'" stem with a square head of 1/2'', it will 
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safely support a 20 pound core until the metal 
solidifies. However, if the mold has a thick wall, 
the chaplet will support only 10 pounds. 

Chaplets for nonferrous castings are usually 
made of copper, while those for ferrous castings 
are usually made of soft steel. In either case, the 
chaplets must be thoroughly clean and free of 
oxide and dirt before they are placed inthe mold. 

Always place the chaplet head with the greatest 
area against the green sand. The most commonly 
used type of chaplets are those having double 
heads, Stem chaplets are employed to hold down 
large cores, while sheet metal chaplets are used 
in light castings. In any event, several light 
chaplets are better than a single heavy one. If 
the use of chaplets can be avoided, sound castings 
are more likely to be produced. 


CO, PROCESS OF COREMAKING 


During the past few years, the popularity of 
CO, hardened cores has grown tremendously. 
The CO; process has made possible improvement 
in combining coremaking materials and develop- 
ing coremaking technique. 

Briefly, the ‘CO, process of making cores 
and molds, consists of mixing silica sand and 
sodium silicate (water glass), then hardening 
the mixture by gassing it with carbon dioxide 
(CO, ) for a few seconds. 

One of the many advantages of the CO, pro- 
cess is its convenience. Foundry cores can be 
rammed or blown in the conventional manner and 
hardened in the core box. Baking ovens and large 
storage areas required in conventional core- 


Safe load 
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Table 7-1.— Load Safely Sustained by Chaplets in Molten Metal 
(Cast Iron). 


Stem chaplet 


Safe load (Ibs) 


Thin 
Metal 







Round 
Head 
(inches) 






Thick 


(lbs) 
Metal 





10 
22 
40 
90 
160 
250 


making are not necessary with the CO, process. 
Cores can be made adjacent to the pouring area, 
as required, and hardened in minutes. The CO, 
process does not require expensive equipment. 
Only the proper sand, binder, and simple gassing 
equipment are necessary for many CO, core- 
making operations. 


PRINCIPLE OF THE CO, PROCESS 


When sand is mixed with the sodium silicate 
binder, each grain of sand is coated with a thin 


film of the viscous liquid. After this coated sand 


has been rammed into a core box, tiny liquid 
lenses (bridges) of binder connect the grains of 
sand. These connecting areas of liquid are not 
strong enough to bind the grains of sandtogether. 
However, when CO, gasis passed through the sand 
mass, the binder thickens to such a degree that 
the sand grains are bound together, making the 
sand rigid. (This results from a chemical reaction 
between the sodium silicate in the binder and the 
carbon dioxide gas to form sodium carbonate 
and silica. Both the sodium carbonate and silica 
are solids, therefore a part of the liquid binder 
is converted to solid material which stiffens 
the binder.) 


SAND FOR THE CO, PROCESS 


The sand used in this process should be clay 
free and clean; silica sand is most widely used. 
Sand should be cool, no higher than 95 to 110° F, 
and contain about 1 percent moisture. Remember 
that warm sand tends to dry out during mixing, 
while cold sand mixes poorly with the binder. 
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The moisture content of the sand is critical. 
If the moisture content of the sand is above 
or below 1 percent, weak cores willresult.Water 
should be added to dry sands during mixing if 
their moisture content is too low. Grain size of 
the sand is usually not critical, but depends upon 
the surface finish desired or the amount of total 
penetration encountered. Finer sands are gener- 
ally used with the CO, process to improve surface 
finish because tolerances can be held closer in 
CO2 cores than in conventional oil cores. 


Binders For the CO, Process 


The main component of binders used for the 
CO, process is sodium silicate; the other com- 
ponent is sugar, glycerine, or molasses. Only 
certain grades of sodium silicate can be used in 
making CO, binders; silicates having silica to 
soda ratios of 1.9 to 1 are satisfactory. Common 
water glass is not suitable because it hasa silica 
to soda ratio of 3.25 to 1. High ratio silicates 
are generally not viscous or alkaline enough to 
react with the CO, and set, or gel, during the 
short gassing time. j 

The second common ingredient of binders is 
sugar syrup containing 50 to 70 percent solids. 
The purpose of this sugar in the binder is to 
aid in the breakdown properties or collapsibility 
of the cores. Sugar held in the binder between sand 
grains decomposes when exposed to heat and 
weakens the bonds between sand grains so that the 
core is easily collapsed. The decomposition of 
sugar is not completed until the metal has solidi- 
fled to a degree, ensuring that the core holds its 
shape while the hardening process progresses.In 
addition to promoting collapsibility, sugar allows 
the core to be easily shaken out or removed from 
the casting. 


Additives 


Molding or core sand mixtures, known as 
additives, may contain materials other than 
sand and binder. These additives are used to 
improve surface finish on castings, or to inhibit 
chemical reactions between the hot metal and the 
sand core during pouring. Sometimes additives 
may be applied to a core in the form of a wash 
or dip. 


There are many additives that may be used 
with the CO, process. When using additives 
with CO2 cores remember that: 
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1, Cereal flours tend to weaken cores. 

2. Acid additives or inhibitors should be 
avoided because they react with the sodium sili- 
cate. 

3. Additives should be held under 1 percent 
to avoid weakening cores. 

Mixing Technique 


Mixing is a very critical part of the CO, 
process. It is most important for sand, binder, 
and any additives to be accurately weighed. Erratic 
results are often due to careless measuring. 
Mixing time should be held to less than five 
minutes; over-mixed sands tend to dry out. If 
additives are used in the mixture, they should 
be mixed in the dry state before the binder is 
added. Once the sand has been mixed, unnec- 
essary air contact should be avoided by covering 
the sand with burlap or plastic. Sand should be 
mixed as needed because prolonged standing re- 
sults in losses through drying or air hardening. 


COREMAKING AND MOLDING 


Core boxes should be clean, dry, and free 
from build-up sand. Although paraffin or liquid 
parting agents can be used to aid stripping, they 
are not recommended; best results are obtained 
by using a dusting of fine waterproofed parting 
compound. Core boxes which are vented for core 
blowing are preferred, as this enables the CO2 
gas to reach all parts of the core readily. 

Having formed the core or mold by any of 
the normal methods of ramming, slinging, or 
blowing, it is hardened or set by passing a 
stream of CO, gas at a pressure of 10 to 20 
psi through the sand. 

Before applying CO.» the core box is rapped 
lightly or vibrated, if necessary, to assist strip- 
ping. However, with all-metal core box equipment 
having a satisfactory surface finish, this should 
not be necessary if the core surface has been 
hardened properly. 

In small to medium size cores hardening is ac- 
complished in 10 to 30 seconds. For large molds 
or cores weighing several hundred pounds where 
the gas has to be applied at numerous positions, 
the operation may take as long as 10 minutes. 

After gassing, the mass of sand is sufficiently 
strong to be handled without causing distortion 
or removal from the core box or pattern. Itis 
immediately ready for assembly, coring-up, and 
casting. 

Most CO, cores do not need a core wash; if 
a core wash is necessary, use an alcohol-base 
core wash instead of a water-base wash. When 
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sealing core joints or patching a core, an alcohol- 
graphite mixture 1s recommended. 

One reason why the CO, process core has 
proved so successful for some foundries is that 
the cores produced in this way remain accurate 
in dimensions. They are really true to the core 
box in which they are made; consequently if the 
die location is also correct, the core is a dead 
fit in the die so that metal sections can be held 
to closer tolerances than the general run of oil 
sand cores. 

Apart from the saving in dryingtime, castings 
produced by the CO, process are more accurate 
than those produced by normal dry sand molding 
methods. Blowing or scabbing troubles have not 
been experienced. The castings produced by the 
CO, process are cleaner and better looking than 
those produced by other processes. | 

The CO, process also has an application in 
the steel foundry for both large and small cast- 
ings. Most intricate heat-resistant alloy steel 
castings for aircraft, formerly made by aninvest- 
ment process using ethyl silicate bond, are now 
being made equally successfully from cores and 
molds made with a mixture of fine zircon (zircon- 
ium silicate) sand and CO, process binder. The 
dimensional accuracy and surface finish on these 
castings are said to be equally as good as on cast- 


ings made from the investment mold, while the cost 
per mold is much reduced. 


ADVANTAGES OF THE 
CO, PROCESS 


The advantages of the CO, process of core- 
making are many. Among the most important 
are the following: 


1. Saving in time: shortened from hours to 
seconds, because no baking is required, and 
the amount of hand labor ín cleaning and finish- 
ing cores is minimized. 

2. No objectionable gases or fumes. 

3. Pasting of cores may beeliminated, making 
a one-piece core possible. 

4. Closer tolerances and high quality finish. 

5. Fewer core rods or gaggers per mold. 

6. No danger of drop-outs, soft spots, or 
wet spots. 

7. Cores may be used immediately. 

8. Molds or cores may be left several days 
before pouring without danger of moisture pick- 
up. 

9. Casting defects caused by hot tears and 
cracks can be decreased. 

10. Less draft is required for any loose piece. 
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Chapter 8 
METALS AND ALLOYS 


A knowledge of metals and alloys is funda- 
mental to the production of sound, usable cast- 
ings. In order to advance to ML1 and MLC, 
you must know quite a bit about metallurgy — the 
study of metals and alloys. Other than advance- 
ment, you may ask yourself why is 1t necessary 
to have a knowledge of metallurgy? À knowledge 
of the subject should be of value to you when 
doing jobs requiring the heat treatment of the 
metal. Heat treatment, discussed in chapter 13 
of this text, covers the process of heating, 
holding, and cooling of metals to obtain the 
desired properties. You may want to increase 
or decrease the hardness, toughness, and strength, 
or you may want a metal that 1s ductile and 
malleable, In this chapter the properties of 
metals and alloys are explained and the structure 
of metal is described; a knowledge of this sub- 
Ject matter should be of value to you when doing 
Jobs that require changing the properties of 
metal. 

This chapter provides only aminimum amount 
of theoretical information on metals. Greater 
detail on the melting, pouring, solidification, 
and heat treatment of metals and alloys is given 
in subsequent chapters of this training course. 
Additional information on metals and alloys 
may be obtained from the Metals Handbook 
published by the American Society for Metals 
and from textbooks on physical metallurgy. 

One matter of terminology should be noted 
here, In this chapter — and, in fact, throughout 
this training course —the word METAL is fre- 
quently used to include metallic alloys as well 
as pure metals. 


STRUCTURE OF METALS AND ALLLOYS 


In the solid state, all metals (and many 
nonmetals as well) have a crystalline structure. 
This means that the atoms of the material are 
arranged according to an orderly, geometric, 
three-dimensional pattern which repeats itself 


over and over again. The three-dimensional 
latticework of imaginary lines connecting the 
atoms is called a SPACE LATTICE. 

The smallest grouping of atoms which has 
the complete symmetrical arrangement of the 
crystal is called a UNIT CELL. A unit cell 
is much too small to be seen; however, when 
a great number of unit cells are combined 
they form a visible crystal which has the same 
geometric structure as the unit cell. 

There are fourteen possible types of space 
lattices, which fall into seven crystal systems. 
The seven basic crystal systems are shown in 
table 8-1. 

The terms used in table 8-1 to describe 
the basic crystal systems indicate the external 
shape of a single crystal. The terms used to 
describe the space lattice arrangements indi- 
cate the. arrangement of atoms within the basic 
erystal form. For example, all cubic crystals 
are shaped like cubes. But within a cube, the 
atoms can be arranged in three different ways. 
In a simple cubic crystal, the atoms are arr 
as shown in figure 8-1. Figure 8-2 shows the 
arrangement of atoms in a body-centered cubic 
crystal (part A) and in a face-centered cubic 
crystal (part B). 





18.64 
Figure 8-1.— Arrangement of atoms in a simple 
cubic crystal. 
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Table 8-1.— Basic Crystal Systems and Space Lattice Arrangements. 


Basic Crystal 


System 
Cubic Simple 
Face-centered 
Body -centered 
Tetragonal Simple 
Body-centered 
Orthorhombic Simple 
End face-centered 
Face-centered 
Body-centered 
Monoclinic Simple 
End face-centered 
Triclinic Simple 
Hexagonal Hexagonal 
(Close-packed) 
Rhombohedral Rhombohedral 


As may be seen from table 8-1, there are 
three cubic arrangements, two tetragonal ar- 
rangements, four orthorhombic arrangements, 
two monoclinic arrangements, one triclinic ar- 
rangement, one hexagonal arrangement, and one 
rhombohedral arrangement-— a total of fourteen 
possible space lattice arrangements. Most metals 
crystallize in cubic, tetragonal, or hexagonal 
crystal systems. 

How do crystals form? When the metal is 
in the liquid state, the atoms move freely and 
are not arranged in any orderly fashion. When 
the metal begins to cool, however, the atoms 
move more and more slowly. When the freezing 
temperature of the metal is reached, the atoms 
begin to form space lattices of the type char- 


Space Lattice 
Arrangement 
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Definition of Crystal 
System 


All axes are of equal length; 
allaxes are perpendicular 
to each other. 


Two axes of equal length 
perpendicular to each 
other and to a third axis 
of unequal length. 


Three perpendicular axes of 
three different lengths. 


Three axes of unequal lengths; 
two axes are perpendicu- 
lar, the other axis is in- 
clined to the plane of the 
two perpendicular axes, 


Three axes of unequal lengths, 
none of which is perpendic- 
ular to any other. 


Three axes of equal length at 
angles of 60 to each other 
but perpendicular toa 
fourth axis which is not of 
the same length. 


Three axes of equal length, 
with angles between axes 
equal but different from 
90 . 


acteristic of the particular metal. In this crys- 
tallization process, the atoms give up ener 
in the form of heat. As this energy is allowe 
to flow from the metal, still other atoms for 
into other space lattices. Eventually all of th 
metal is changed from the liquid state, in whic 
the atoms are moving freely, to a solid state 
in which the atoms are arranged in a definite 
orderly pattern. At this point, we say that th 
metal has completely solidified or frozen. (Note 
Atoms do not stop moving in the solid state, bu 
are less active than in the liquid state.) 

If crystallization could proceed without an 
interference, the result would be one large 
crystal with the external form of the inter 
space lattice. As a rule, however, the spac 
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Figure 8-2.— Arrangement of atoms in (A) body- 

centered cubic crystal and (B) face-centered 
cubic cerystal. 


lattices do not all line up perfectly with each 
other; this means that the growth of some 
crystals interferes with the growth of others. 
In other words, space lattices that are not 
oriented in approximately the same way cannot 
join each other to form larger crystals. As a 
result, the crystallization process usually re- 
sults in the growth of many small crystals 
rather than one large one. In any given piece of 
solid metal, the size of the crystals will vary, 
some being larger and some being smaller. The 
larger ones are the result of the combination 
of a great many space lattices that happened to 
line up in such a way that they could join each 
other and form large crystals. 

Because the crystals interfere with each 
other as they grow, a piece of metal in cross 
section may show very few characteristic cry- 
stal shapes. Note, however, that the metal is 
still considered crystalline even if the crystal- 
line forms are distorted. The crystals are there, 
but they are not usually perfect in shape. 

When a metal crystallizes in such a way 
that the crystals are not perfectly formed and 
so do not have the typical shape of the space lat- 
tice, it is customary to call each visible unit 
a GRAIN rather than a crystal. The areas 


between adjacent grains are known as GRAIN 
BOUNDARIES, The grain boundary material has 
somewhat different properties than the actual 
grains or crystals; this is partly because the 
space lattices are distorted at the grain bound- 
aries and partly because the process of crys- 
tallization tends to push impurities out of the 
crystals and into the grain boundaries. 

The term GRAIN STRUCTURE refers to the 
crystalline structure of the metal, often with 
particular reference to the shape and size of 
the crystals or grains. Figure 8-3 illustrates 
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(CAST CARTRIDGE BRASS) 


COL UMNAR 
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GL OBUL AR 
(SPHEROIDIZED STEEL) 


EQUIAXED 
(ANNEALED CARTRIDGE BRASS) 





ACICUL AR 
(MARTENSITIC STEEL) 


L AMELL AK 
(PEARLITIC STEEL) 


18.66X 
Figure 8-3.— Grain structure in metals and 
alloys. 
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several types of grain structure, as seen under 
a microscope. The size of the grains depends 
upon a number of factors, including the nature 
of the metal, the temperature to which it is 
. heated, the length of time it is held at a speci- 
 . fled temperature, and the rate at which it is 
» cooled. In most metals, rapid cooling leads 
to fine grain structure and slow cooling leads 
' to large grain structure. The size of grain 
| Structure desired for any particular application 
| depends upon the purpose for which the metal 
is to be used. 

Some metals have only one space lattice 
form, others have more than one. When a metal 
can exist in more than one space lattice form, 
temperature and cooling rate are the factors 
that determine which form will exist at any 
given time. For example, there are three typical 
space lattice forms for pure iron, all of which 
are basically cubes. ALPHA IRON, which is 
stable at temperatures below approximately 
1670* F, has a body-centered cubic arrangement 
of atoms of the type shown in part A of figure 
8-2. GAMMA IRON, which is stable between 
approximately 1670 and 2550? F, has a face- 
centered cubic arrangement such as that shown 
in part B of figure 8-2. DELTA IRON, which 
exists at temperatures between 2550? F and 
the melting point of iron (2802? F), has a body- 
centered cubic space lattice. 

In alloys, the internal structure may be in 
the form of crystals of pure metals, solid 
solutions, intermetallic compounds, mechanical 
mixtures, or some combination of these forms. 

In a SOLID SOLUTION, the elements are 
completely dissolved in each other, with the 
atoms of each element fitting into and forming 
part of the space lattice of the other element. 
Figure 8-4 illustrates two ways in which solid 
solutions may exist. The atoms of one element 
may fit into the spaces between the atoms of 
another element, as indicated in part A; or the 
atoms of one element may replace the atoms 
of another element in the space lattice, as 
indicated in part B. 

The individual elements lose their identity 
in a solid solution. A polished cross section 
of a material that consisted of only one solid 
solution would show all grains to be of the same 
composition. 

Ferrite and austenite are two solid solutions 
that are important constituents of steels. FER- 
RITE is the name given to iron or a solid solu- 
tion of alpha iron and carbon or some other 
element, AUSTENITE is the term for a solid 
solution of gamma iron and carbon or some 
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Figure 8-4.— Space lattices of two forms of 

solid solution. (A) Atoms of one element 

fit between atoms of other element. (B) Atoms 

of one element replace atoms of other 
element. 


other element., Carbon is only slightly soluble 
in alpha iron but is quite soluble in gamma 
iron. Alpha iron at room temperature can hold 
only about 0.007 percent carbon in solid solu- 
tion. At a temperature of 2066? F, gamma iron 
can hold up to 1.7 percent carbon in solid solu- 
tion. 

INTERMETALLIC COMPOUNDS are chemical 
compounds that form between metals or between 
metals and metalloids. These compounds, un- 
like most chemical compounds, possess metallic 
characteristics or properties. 

Intermetallic compounds, like solid solutions, 
are formed when the atoms of one element fit 
into and become part of the space lattice of 
another element. What, then, is the difference 
between a solid solution and an intermettalic 
compound? In an intermetallic compound, the 
elements that form the compound are present 
in definite, fixed, proportions. In a solution, 
the proportion of one element to another may 
vary over quite a wide range. 

One intermetallic compound of great im- 
portance in ferrous alloys is known as IRON 
CARBIDE or CEMENTITE. This is an extremely 
hard and brittle compound which is formed by 
the combination of iron (a metal) and carbon 
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(a metalloid). The formula for iron carbide or 
cementite is Feg 
three atoms of iron combine with one atom of 
carbon to produce iron carbide or cementite. 

The structure of an alloy is described as 
being a MECHANICAL MIXTURE when two or 
more other forms are mixed together but are 
still separately distinguishable. A mechanical 
mixture in an alloy is comparable — though on a 
smaller scale— to the mixture of sand and gravel 
that may be seen in concrete. 

One ofthe most important mechanical mixtures 
that occurs in many steels 1s known as PEARLITE. 
Pearlite, so called because it has a pearly luster 
when seen under a microscope, is an intimate 
mechanical mixture of ferrite and cementite in 
alternate plates or layers. Ferrite is a solid 
solution, and cementite or iron carbide is an 
intermetallic compound; in pearlite, the two are 
closely mixed to form a characteristic layered 
structure. 

Pearlite is formed when steel that contains 
0.83 percent carbon is heated to a certain tem- 
perature and then cooled slowly. When the entire 
structure of the alloy is in the form of pearlite, 
this composition of plain carbon steel (0.83 per- 
cent carbon) is often referred to as the EUTEC- 
TOID COMPOSITION, andthe completely pearlitic 
structure is called the EUTECTOID or the 
EUTECTOID STRUCTURE. 

The internal structure of an alloy may show 
various COMBINATIONS or pure metals, solid 
solutions, intermetallic compounds, and mechani- 
cal mixtures. Many of the combinations that are 
important in steels and other alloys are the result 
of controlled heating arid cooling of the alloy. 


EQUILIBRIUM DIAGRAMS 


The relationship between the various metal- 
lurgical structures of alloys andthe temperatures 
at which these structures exist are shown for all 
major alloy systems by means of equilibrium 
diagrams. To understand what equilibrium dia- 
grams are and how to use them, you will need to 
remember the following three points. 


1. An alloy is composed of two or more 
elements. 

2. An alloy system includes various alloys 
which contain the same elements but which con- 
tain these elements in various proportions. For 
example, a nickel-copper alloy system includes 
alloys with various percentages of nickel and 
copper — 90 percent nickel and 10 percent copper, 


C. This formula shows that 


or 70 percent nickel and 30 percent copper, and 
so forth. 

3. Alloy systems are classifled as binary 
alloy systems if the alloys in the system are 
composed of two elements; ternary systems if the 
alloys are composed of three elements; quat- 
ernary systems if the alloys are composed of four 
elements; and so forth. 


An equilibrium diagram for any one alloy 
system 1s obtain by studying the temperatures at 
which the various alloy structures exist in alloys 
of various composition. One way in which tem- 
peratures and structures are studiedis by cooling 
an alloy very slowly and noting the temperatures 


. at which the alloy changes its structure. The data 


obtained in this way are plotted on a time- 
temperature chart called a cooling curve. When 
a great number of cooling curves have been ob- 
tained for alloys in an alloy system, an equili- 
brium diagram can be made up fromthe informa- 
tion on the cooling curves. 

An equilibrium diagram for a binary iron- 
carbon alloy system is shown in figure 8-65. 
A diagram of this type gives a good overall view 
of the effects of temperature on the structures 
that compose alloys of various compositions. 
However, it is important to note that an equili- 
brium diagramindicates equilibrium conditions — 
you might say, ideal conditions of very slow and 
very uniform heating and cooling. The rate and 
uniformity of heating and cooling affect the in- 
ternal structure of alloys and alter the relation- 
ship between temperature and internal structure. 
Therefore, equilibrium diagrams may be said 
to represent theoretical rather than actual con- 
ditions. 


The temperature at which a metal or alloy 
changes from one internal structure to another 
as the result of heating or cooling is known 
as a TRANSFORMATION POINT or TRANSFOR- 
MATION TEMPERATURE, The terms CRITICAL 
POINT and CRITICAL TEMPERATURE are also 
used to describe the transformation point and the 
transformation temperature. 


Since transformations do not occur instantly, 
but are completed over a period of time and 
through a specified temperature range, the term 
TRANSFORMATION RANGE is often used to 
indicate the range of temperatures over which 
a transformation occurs. On cooling, the point 
at which a transformation begins is sometimes 
called the UPPER TRANSFORMATION POINT, 
and the point at which 1t ends may be called 
the LOWER TRANSFORMA TION POINT. 
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You are probably already familiar with the 
concept of LATENT HEAT, In order to trans- 
form a solid into a liquid, or a liquid into a 
vapor, it is necessary to add heat. Since this 
heat is not reflected in a corresponding change 
of temperature while the change of state is 
going on, we refer to the heat required for the 
change as latent heat. When a vapor is changing 
to a liquid, or a liquid to a solid, the substance 
gives off heat but remains at the same tem- 
perature until the change of state has been com- 
pleted. This heat that is given off is considered 
to be latent heat because it is not reflected in 
a corresponding change in temperature. 

The transformations that occur when the 
material is in the solid state also involve latent 
heat even though the material remains in the 
solid state throughout the transformation. As 
the solid material is heated, the heat causes 
changes or transformations in the internalstruc- 
ture. The heat absorbed by the material is not 
reflected in a rise in temperature, however, and 
may even be accompanied by a slight drop in 
temperature. Therefore we say that this heat 
is latent heat. In cooling, the reverse process 
occurs. The material gives off heat but does 
not drop in temperature —and in fact may even 
rise in temperature — while the transformation 
is going on. 

The process of absorbing or giving off heat 
during a solid state transformation, without a 
corresponding change in temperature, is termed 
DECALESCENCE if it occurs when the alloy 
is being heated and RECALESCENCE if it occurs 
when the alloy is being cooled. You can actually 
see decalescence and recalescence taking place 
if you watch through a window or peephole as 
an alloy is being heated ina furance. Decales- 
cence causes a sudden dimming in the color of 
the alloy, showingthat the temperature is dropping 
slightly even though the material is absorbing 
the heat required for the transformation. Re- 
calescence causes a sudden brightening in the 
color of the alloy, showing that the temperature 
is increasing slightly even though the alloy is 
giving off heat as it goes through the trans- 
formation. 

Decalescence occurs at a slightly higher 
temperature than recalescence. Thus, the trans- 
formation points for heating are NOT identical 
with the transformation points for cooling, for 
any particular transformation in a given alloy. 

Most alloys go through several solid state 
transformations when they are heated or cooled. 
The transformation points for very slow heating 
or cooling of iron-carbon alloys may be found 


from the equilibrium diagram shown in figure 
8-5. As an example, let's take an iron-carbon 
alloy containing 0.30 percent carbon and find 
the theoretical transformation points for this 
particular alloy as it is cooled very slowly 
from its melting point to room temperature. 
Remember, however, that at this point we are 
merely finding out where the transformations 
would occur if this. alloy is cooled under equi- 
librium conditions — that is, very slowly and 
very uniformly. In the chapter on heat treat- 
ment, we will see how changing the rate of 
cooling changes the resulting structure of the 
alloy. 

Lay a straight edge along a line repre- 
senting 0.30 percent carbon, starting at the 
bottom of figure 8-5 and running straight up 
to the top. Now, starting at the top of the dia- 
gram, let's see what happéns as the tempera- 
ture slowly drops. 

The first change occurs as the liquid solidi- 
fies or freezes. This freezing does not take 
place instantly; instead, there is a temperature 
range in which the alloy consists of liquid and 
delta solid solution. (Delta solid solution is a 
solid solution of carbon and the delta form of 
iron. At a little over 2700? F, the material 
undergoes a transformation which results in 
the formation of austenite; notice that at this 
temperature there is still some liquid. As cool- 
ing continues, more austenite forms and a point 
is soon reached at which the entire mass of the 
alloy is in the form of solid austenite. 

Continuing on down, we reach a point be- 
tween 1500° and 1600? F at which ferrite begins 
to form; from here on down to 1333? F, the 
alloy is a mixture of solid ferrite and solid 
austenite. At 1333? F, another transformation 
occurs as the austenite changes to pearlite 
(ferrite and cementite, arranged in alternate 
plates or layers). Thus the final structure of 
this alloy at temperatures below 1333? F is 
a combination of free crystals of ferrite and 
pearlite. 


PROPERTIES OF METALS AND ALLOYS 


The particular properties that we require 
of any metal or alloy depend upon the use we 
will make of the material. For example, an 
anchor chain must have the property of tough- 
ness; a boiler tube must have high tensile 
strength, the ability to conduct heat, and the 
ability to resist deformation at high tempera- 
tures; an electric wire must be able to conduct 


170 


Chapter 8— METALS AND ALLOYS 





electricity; a knife blade must have the property 
of hardness; a spring must be elastic; a salt 
water piping system must resist corrosion; and 
a piece of metal that is to be drawn out into a 
wire must possess the property known as duc- 
tility. 

Properties of metals and alloys may be di- 
vided into four major groups:(1) mechanical, 
(2) physical, (3) chemical, and (4) engineering. 


MECHANICAL PROPERTIES 


When external force is applied to any ma- 
terial, the material is subjected to stresses 
and is always strained to some extent. Many 
of the mechanical properties of metals can best 
be understood in terms of the manner in which 
the substance reacts to streses. Before con- 
sidering the mechanical properties of metals 
and alloys, therefore, let us first examine the 
concepts of stress and strain. 

Although the two terms are often used as 
though they meant the same thing, stress and 
strain have different meanings. STRESS is the 
amount of internal force with which a material 
resists a change in shape. STRAIN is the de- 
formation or change in shape that is caused by 
the applied load. For example, a length of pipe 
supported on each end will sag or bow unless 
the internal force within the material is great 
enough to resist the change. The external force 
is, in this case, the force of gravity acting upon 
the weight of the pipe. The internal force by 
which the pipe is kept rigid and straight is 
called stress. When the internal stress is not 
great enough to keep the pipe from sagging, 
a noticeable change occurs in the shape and 
dimensions of the pipe. This change in shape 
and dimensions is called strain. Some strain 
always occurs as a reaction to stress, although 
in many cases the change in shape and di- 
mensions will be so small as to be almost 
unmeasurable. 

Stress is not the same thing as load. The 
load is the external applied force, while the 
stress is the internal force with which the 
material resists the applied force. However, 
the stress times the working cross-sectional 
area is EQUAL TO the load. Why? Newton's 
third law of motion states that ‘‘To every force 
or action there is always an equal and opposite 
reaction.” Stress, therefore, is the ‘‘equal and 
opposite” reaction to the applied load. Thus, 
the same unit of measurement is used for both 
load and stress. In most engineering applica- 
tions, the unit of measurement is pounds per 


square inch; however, in some cases it is more 
convenient to use pounds per square foot, tons 
per square foot, or some other unit. 

We have said that stress is always ‘‘equal and 
opposite"! to the applied load, and we have seen 
why stress times the working cross-sectional 
area is numerically equal to load. When we say 
that stress is OPPOSITE to load, we mean that 
the internal force (stress) acts in a direction that 
opposes the load. To understand this more fully, 
we will need to see what causes stress. 

Stress occurs because molecular forces with- 
in the material resist the change of shape that 
an applied load tends to produce. In other words, 
stress results because the molecules resist being 
shifted around, pulled apart, or: squeezed to- 
gether. Because stress involves molecular 
forces, a piece of metal that is subjected to a 
load develops an enormous number of stresses, 
rather than just one stress. To visualize these 
stresses, imagine trying to draw a picture or 
diagram in which you use arrows to indicate the 
molecular forces of attraction and repulsion 
between each molecule and all the other molecules 
around it. If you had more than a very few mole- 
cules, you would have to draw thousands or per- 
haps millions of arrows to indicate all the 
molecular forces involved. For the sake of 
simplicity, therefore, we often speak of stress 
as though it were one internal force, acting 
in one direction—that is, the direction opposite ` 
to the direction of the applied load. In other 
words, we consider the TOTAL EFFECT of all 
the molecular stresses, rather than trying to 
consider each set of molecular stresses sepa- 
rately. 


The manner in which the load is applied 
determines the type of stress that will develop. 
Applied forces are usually considered as being 
of three basic kinds: tension (or tensile) forces, 
compression forces, and shearing forces. The | 
basic stresses, therefore, are tension (or tensile) 
stresses, compression stresses, and shearing 
stresses. Complex stresses such as bending 
stresses and torsional stresses are combinations 
of two or more of the basic stresses. 


TENSION STRESSES are developed when a 
material is subjected to a pulling action. If, 
for example, a cable is fastened to an overhead 
and a weight is attached to the free end, tension 
stresses are developed within the cable. The 
tension stresses resist the tension forces that 
tend to pull the cable apart. Figure 8-6 shows 
tension forces and the resulting ‘‘equal and 
opposite" tension stresses. 
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Figure 8-6.— Tension forces and tension 


stresses. 


COMPRESSION STRESSES develop within a 
material to oppose the forces that tend to com- 
press or crush the material. A column that 
supports an overhead weight is in compression, 
and the internal stresses that develop within 
the column are compression stresses. Figure 
8-7 illustrates compression forces and com- 
pression stresses. 

SHEARING STRESSES are developed within 
a material when opposite external forces are 
applied along parallel lines in such a way as to 
tend to cut the material. Shearing forces tend 
to separate material by sliding part of the 
material in one direction and the rest of the 
material in the opposite direction. The action 
of a pair of scissors is an example of shear 
forces and shear stresses. The scissors apply 
shear forces, and the material being cut resists 
the shear forces by its internal shear stresses. 
Forces tending to produce shear in a rivet are 
illustrated in figure 8-8. Shear stresses are not 
shown, since they are considerably more complex 
than tension stresses and compression stresses. 


| 


Fo - COMPRESSION FORCE 
Sc - COMPRESSION STRESS 


11.24 
Figure 8-7.— Compression forces and com- 
pression stresses. 


BENDING STRESSES develop when a material 
is subjected to external forces that tend to bend 
it. When a-load is applied toabeam, for example, 
as shown in figure 8-9, the upper surface is in 
compression and the lower surface is in tension. 
The NEUTRAL AXIS, indicated by the broken line 
in figure 8-9 is neither in compression nor in 
tension. 





LINE OF SHEAR 


11.25 
Figure 8-8.—Forces tending to produce shear 
in a rivet. 
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Figure 8-9.— Load applied to a beam. 


TORSIONAL STRESSES are developed in a 
material when external forces are applied in 
such a way that they tend to produce rotation. 
A ship's shaft, for example, rotates when the 
external applied forces are greater than the 
internal torsional stresses developed in the 
shaft. Torsional stress is primarily a special 
form of shear stress, although it may also in- 
volve some compression stress and some tension 
stress. 

The mechanical properties of elasticity, 
strength, hardness, toughness, plasticity, duc- 
tility, malleability, brittleness, and creep resist- 
ance are discussed in the following paragraphs. As 
you study this information, try to understand these 
mechanical properties in terms of what you have 
learned about stress and strain. 


Elasticity 


As previously noted, a deformation or change 
of shape (strain) occurs when a material is 
subjected to external forces that cause stresses 
in the material. The ability of a material to 
return to its original size and shape after strain 
is the property known as ELASTICITY. 

All materials are elastic to some extent. It 
may surprise you to learn that a piece of steel 
is more elastic than a rubber band. The rubber 
band stretches more than the steel, since it is 
more easily strained, but the steel returns more 
nearly to its original shape and size andis there- 
fore more truly elastic. Glass is also more elastic 
than rubber. 

The greatest stress which a material is 
capable of withstanding without taking a per- 
manent set (that is, without becoming permanently 
deformed) is known as the ELASTIC LIMIT. 
Below the elastic limit, the amount of strain is 
directly proportional to the amount of stress (and 
therefore to the amount of externally applied 
force). Above the elastic limit, however, the 


amount of deformation that results from an in- 
crease in load is way out of proportion to the 
increase in load. 

Strain may be axial, angular, or both, depend- 
ing upon the nature of the applied load and the 
stresses that are developed within the material 
to withstand the applied load. When the elastic 
limit is exceeded through the application of an 
axial load, the material will be permanently de- 
formed either by ELONGATION or by COMPRES- 
SION. When the applied load is not axial (as in 
shear and torsion) the resulting strain is angular 
and, if permanent deformation results, the de- 
formation is also angular. 

As noted before, the amount of strain is 
proportional to the amount of stress up to (or 
almost up to) the elastic limit. The ratio of stress 
to strain is, therefore, a constant for each 
material. This constant, which is called the 
MODULUS OF ELASTICITY, is obtained by divid- 
ing the stress by the deformation caused by that 
stress. For example, suppose that a certain 
material is so loaded that the internal stress 
developed in tension is 30,000 psi, and that with 
this stress the material elongates 0.0015 inch 
per inch. The modulus of elasticity of this 
materialis 


Modulus of Elasticity, 
E = Stress (psi) 


Elongation (inch per inch) 


= 30,000 psi 
0.0015 inch per inch 


— 20,000,000 psi 

The modulus of elasticity is frequently used 
to determine the amount of elongation that will 
occur when a given stress is developed in the 
material. For this purpose, you divide the stress 
by the modulus of elasticity in order to obtain 
the elongation (inch per inch) that will occur. 

Closely related to the elastic limit of a 
material is the YIELD POINT. The yield point 
is the stress at which deformation of the ma- 
terial first increases markedly without any in- 
crease in the applied load. The yield point is 
always somewhat above the elastic limit. When 
the stresses developed in a material are greater 
than the yield point (or, asitissometimes called, 
the yield strength), the material is considered to 
be damaged. 


Strength 


Strength is the property that enables a ma- 
terial to resist deformation. ULTIMATE 
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STRENGTH is the maximum stress which a 
material is capable of withstanding in tension, 
compression, or shear. TENSILE STRENGTH, 
or the ultimate strength of a material in ten- 
sion, is the term most frequently used to des- 
cribe the strength of a material. In a tensile 
strength test, increasingly heavy loads are ap- 
plied up to the point where the material ex- 
periences its maximum stress. At this point 
the load is reduced but the material continues 
to elongate; necking begins, and the material 
eventually breaks. Tensile strength is computed 
by dividing the MAXIMUM load applied during 
the tension test by the original cross-sectional 
area of the specimen being tested. 


TS = Load (pounds) 


Area (square inches) 


= Tensile Strength (psi) 


Some materials are equally strong in com- 
pression, tension, and shear. However, many 
materials show marked differences. For ex- 
ample, cured portland cement has an ultimate 
strength of 2000 psi in compression but only 
400 psi in tension. Carbon steel has an ulti- 
mate strength of 56,000 psi in tension and in 
compression, but an ultimate strength in shear 
of 42,000 psi. When dealing with ultimate 
strength, therefore, the kind of loading (tension, 
compression, or shear) should always be stated. 

If a material is stressed repeatedly, in a 
cyclical manner, it will probably fail at a load- 
ing that is considerably below its ultimate 
strength in tension, compression, or shear. For 
example, you can break a thin steel rod with 
your hands, after it has been bent back and 
forth several times in the same place, although 
you could not possibly cause an identical rod 
to fail in tension, compression, or shear merely 
from force applied by hand. This tendency of a 
material to fail after repeated stressing at the 
same point is known as FATIGUE. 


Hardness 


The property of hardness has been defined 
as the ability of a material to resist being 
permanently deformed. Because there are sev- 
eral methods of measuring hardness, the hard- 
ness of a material is always specified in terms 
of the particular test that has been used to 
measure this property. 

To get a simple idea of the property of 
hardness, consider lead and steel. You can 


scratch lead with a pointed wooden stick, but 
you cannot scratch steel with such a stick. 
Steel is harder than lead. 


Toughness 


Toughness is the property that enables a 
material to withstand shock, to endure tensile 
stresses, and to be deformed without breaking. 
Another way of expressing this is to say that 
a tough material is one which can absorb a lot 
of energy before breaking. Toughness does not 
exist in metals that do not have high tensile 
strength; however, metals that are both strong 
and hard tend to be less tough than metals that 
are softer and have less tensile strength. Tough- 
ness is definitely related to the property of 
plasticity; materials must be plastic in order 
to be tough. 


Plasticity 


Materials that can withstand extensive per- 
manent deformation without breaking or rup- 
turing are said to be highly plastic. Note the 
use of the word ‘‘permanent’’ in this statement; 
the term PLASTIC DEFORMATION is used to 
indicate a PERMANENT change of shape. Model- 
ing elay is an example of a highly plastic ma- 
terial, since it can be deformed extensively and 
permanently without rupturing. Clay could 
scarcely be called tough, however, even though 
it is highly plastic. 

Plasticity is in some ways the opposite of 
brittleness and in other ways the opposite of 
elasticity. A material that is brittle will break 
without showing any visible deformation; con- 
sequently, such a material is not very plastic. 
A material that is highly elastic will return to 
its original shape and size after strain; con- 
sequently, such a material does not show a high 
degree of plasticity (below the elastic limit for 
the substance). Most metals are elastic, rather 
than plastic, up to the elastic limit; above the 
elastic limit, they tend to have the property of 
plasticity. 


Ductility and Malleability 


The properties known as ductility and mal- 
leability are special cases of plasticity. DUC- 
TILITY is the property that makes it possible 
for a material to be drawn out into a thin wire — 
or, in other words, it is the property that en- 
ables the material to withstand extensive per- 
manent deformation from TENSION. MALLEA- 
BILITY is the property that makes it possible for 
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a material to be stamped, hammered, or rolled 
into thin sheets—in other words, a malleable 
material is one that can withstand extensive 
permanent deformation from COMPRESSION. 

| Most metals that exhibit one of these prop- 
| erties also exhibit the other. However, this is 
not always true. Lead, for example, is very 
malleable (it can be permanently deformed in 
compression without breaking) but it is not 
ductile (it cannot be permanently deformed in 
tension to any great extent). 


Brittleness 


We have already defined brittleness, indi- 
rectly, by saying that it is in some way the 
opposite of plasticity and in another sense the 
opposite of toughness. A brittle materialis one 
that fractures before exhibiting any noticeable 
permanent deformation. 


Creep Resistance 


The term CREEP is used to describe a 
special kind of plastic deformation that occurs 
very slowly, usually at high temperatures, when 
the material is under a constant stress. It is 
interesting to note that this stress may be con- 
siderably less than the yield point of the ma- 
terial at room temperature. Because creep oc- 
curs very slowly (so slowly, in fact, that years 
are required to complete a single creep test), 
the importance of this type of plastic deforma- 
tion has not been recognized until fairly recently. 
Creep-resisting steel is now usedin most modern 
naval ships for high temperature piping. 


PHYSICAL PROPERTIES 


Physical properties include such character- 
istics as melting point, boiling point, density, 
and specific gravity. Some of these physical 
properties are given for various elements and 
for water in table 8-2. 


Melting Point 


Melting points of different metals and alloys 
vary through a wide range. Phosphorus melts 
at a low temperature (about 111? F). Aluminum, 
antimony, and magnesium melt around 1200? F. 
Extremely high temperatures (over 6000? F) 
are required to melt tungsten and carbon. 

You will notice that the melting points given 
in table 8-2 show that there may be a slight 
range on both the upper and the lower side of 


the temperatures given; melting may take place 
anywhere within this range. For some elements, 
this range is so small as to be almost neg- 
ligible; but the ranges for beryllium, carbon, 
molybdenum, titanium, and vanadium are con- 
spicuously wide. 


Boiling Point 


The boiling point of a liquid is the tempera- 
ture at which the liquid bubbles (becomes agitated) 
as it changes to a vapor. 


Density 


Density is the relationship between the weight 
and the volume of a specified amount of matter, 
expressed in weight per unit volume. The den- 
sities given in table 8-2 are expressed in pounds 
per cubic inch. A l-inch cube of carbon, for 
example, weighs 0.08 pound. You willsometimes 
see densities given in pounds per cubic foot. To 
convert pounds per cubic inch to pounds per cubic 
foot, multiply pounds per cubic inch by 1728 — 
the number of cubic inches in a cubic foot. 


Specific Gravity 


Specific gravity is the numerical ratio of the 
weight of a given volume of a substance to the 
weight of an equal volume of water. The specific 
gravities given in table 8-2 were derived by com- 
puting the ratios between the weight of a cubic 
inch of water and the weights per cubic inch of the 
elements in the table. The figures for specific 
gravities may vary in different texts, but the varia- 
tion will be slight. 

Comparison of the weights of different metals 
is usually given in terms of specific gravities, 
although it may also be expressed in terms of 
densities. 


CHEMICAL PROPERTIES 


The chemical properties of a material are 
related to the CHEMICAL ACTIVITY of the 
material— that is, the chemical properties indi- 
cate how one substance reacts or behaves in the 
presence of other substances. A material is said 
to be chemically ACTIVE if it combines readily 
with other substances, or chemically INERT or 
INACTIVE if it does not combine readily with 
other substances. 

Some chemical reactions occur rapidly, others 
occur slowly. The speed with which a substance 
enters into a chemical reaction depends upon the 
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nature of the substances involved and upon the cir- . 


cumstances surrounding the chemical reaction. 
The burning of iron in air is an example of 
a very rapid chemical reaction— that is, the 
iron is combining very rapidly with the oxygen 
in the air. We call this chemical reaction COM- 
BUSTION, and we say that iron at this tem- 
perature has the chemical property of COM- 
BUSTIBILITY. 

At a lower temperature, however, the same 
piece of iron would, if exposed to air, enter 
into a very slow chemical reaction with the 
oxygen in the air. This very slow chemical 
reaction we call RUSTING or CORROSION, 
and we say that at ordinary temperatures iron 
has the chemical property of CORROSIBILITY. 

The chemical property of metals and alloys 
that is of primary interest to the Molder is the 
property known as CORROSION RESISTANCE — 
that is, the property which enables a material 
to resist entering into chemical combination with 
other substances. A high degree of corrosion 
resistance would be very desiable in all metals 
used aboard ship. Most metals are easily cor- 
roded, however, as shown by the fact that pure 
metals occur only rarely in nature. 

The presence of impurities or the presence 
of alloying elements may greatly alter the cor- 
rosion resistance of a metal. For example, the 
zinc which is known as “commercially pure” 
contains a small amount of impurities; this 
grade of zinc corrodes about ten thousand times 
as fast as zinc that is chemically pure. On the 
other hand, many alloys have been developed for 
the particular purpose of increasing the cor- 
rosion resistance of the material. For example, 
pure untreated iron would be entirely unsuitable 
for use in high temperature steam valves be- 
cause it has very poor resistance to corrosion, 
especially at high temperatures; yet alloys com- 
posed primarily of iron are used successfully 
for this service. 


ENGINEERING PROPERTIE» 


Certain characteristics of metals and alloys 
which are not properly classified as mechanical, 
physical, or chemical properties are sometimes 
referred to as engineering properties. In gen- 
eral, engineering properties are based on com- 
binations of other properties rather than being 
properties in themselves. The engineering prop- 
erties that are of concern to the Molder are 
machinability, weldability, castability, formabil- 
ity, wear resistance, and shock resistance. 


Machinability 


MACHINABILITY is the term used to des- 
cribe the ease with which a metal may be turned, 
planed, milled, or otherwise shaped in the ma- 
chine shop. Some metals are so hard as to be 
unmachinable. Some of the softer metals are 
so tough that machining is difficult. 


Weldability 


The term WELDABILITY refers to the ca- 
pacity of a metal or alloy to be fabricated by 
a welding process into a structure that will 
perform satisfactorily in service. Weldability 
is a relative tern that expresses the degree 
of simplicity or complexity of procedures and 
techniques necessary to produce a sound weld. 


Some metals are easier to weld than others. 
Low carbon steel, for example, is easier to 
weld than aluminum. We say that low carbon 
steel has a high degree of weldability, as com- 
pared with aluminum. This does not mean that 
aluminum cannot be welded; it can be readily 
welded if the proper process is used and if 
definite preparatory steps are taken to ensure 
a sound joint. 


Most of the common metals and alloys are 
weldable to some degree by one or more of 
the various welding processes. However, all 
metals are not equally weldable by any one 
process; and a few metals are so difficult to 
weld by any process that they are considered 
as being unweldable for all practical purposes. 


Castability 


Castability is the property which allows a 
metal to flow freely and evenly into a mold and 
to fill it before such freezing occurs as would 
offer an obstruction to its further flow. This 
property is sometimes called ‘‘fluidity,’’ ‘‘run- 
nability,’’ ‘‘flowing power,” or ‘‘fluid life.” The 
temperature at which the metal can be poured 
into the mold cavity is called the POURING TEM- 
PERATURE, Because castings vary in size and 
shape, there is actually not one temperature but 
a RANGE of temperatures within which any given 
metal can be poured. Therefore, the term POUR- 
ING RANGE or the term CASTING RANGE has 
more meaning to the Molder than the term POUR- 
ING TEMPERATURE. 
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Formability 


Formability is the property which allows a 
metal to be easily formed by such processes 
as forging, swaging, rolling, etc. 


Wear Resistance 


Wear Resistance is sometimes included as 
an engineering property of materials. Wear 
resistance is closely related to the strength, hard- 
ness, and toughness of the material. 

Wear may be considered a surface phenom- 
enon, consisting of the gradual mechanical de- 
terioriation of contacting surfaces by the tearing 
off of particles through friction. 


Shock Resistance 


The resistance which a material offers to 
fracture from a suddenly applied load is known 
as SHOCK RESISTANCE or IMPACT RESIST- 
ANCE. In general, the shock resistance of a 
material is dependent upon its toughness. Tem- 
pering often improves the shock reistance of a 
material; some other forms of heat treatment 
tend to reduce shock resistance. Marked changes 
in the surface of a material — scratches, cracks, 
notches, inclusions, or sudden bends —tend to 
put the material under unequal stress and so 
decrease the shock resistance of the material. 


EFFECTS OF STRUCTURE ON PROPERTIES 


The basic reason why we are interested inthe 
structure of metals and alloys is because the 
structure largely determines the properties of 
the material. To understand just how the prop- 
erties are affected by the structure, consider 
what happens when a force is applied to a 
crystalline material. If the force is sufficiently 
great, the space lattices of the material will be 
distorted as some atoms in the lattice are pushed 
closer together and other atoms are pushed 
farther apart. This distortion is called SLIP, and 
the planes along which slip occurs are called 
SLIP PLANES. 

The amount of force required to distort the 
space lattices depends upon the amount of force 
with which the atoms resistthe change. When very 
great force is required to produce distortion, the 
material is said to have the properties of 
STRENGTH and HARDNESS. In general, materials 
with complex space lattices tend to be harder and 
stronger than those with relatively simple space 


lattice forms. For example, the intermetallic 
compound iron carbide (cementite) has acomplex 
space lattice form and is much harder and 
stronger than either the iron or the carbon 
of which it is composed. The shape of the 
grain also affects the property of strength. 
For example, the equiaxed grain shown in fig- 
ure 8-3 will offer about the same resistance to 
force applied from any direction; therefore, 
materials with this grain structure tend to have 
the property of strength. 


The extent to which a material can slip with- 
out breaking apart determines the property known 
as PLASTICITY. If the material can slip a great 
deal without breaking apart, it is said to be 
very plastic. It is the plasticity of metals and 
alloys that makes it possible for them to be 
worked and formed. 


A material may be very strong and hard 
but also very brittle. Can you explain this in 
terms of the basic structure of the material? 
If it is strong and hard, we know that it resists 
slip. with great force. Consequently, we might 
guess that it has a complex space lattice form. 
If it is brittle, we know that it does not slip 
to any extent without breaking apart. In other 
words, a material that is strong and hard but 
also brittle is one in which the crystals resist 
distortion so strongly that they will fracture, 
rather than slip, when sufficient force is applied. 
Iron carbide (cementite) is an example of a 
material that is strong and hard but also brittle. 

Interestingly enough, a material that strong, 
hard, and brittle might also possess the prop- 
erty of ELASTICITY to a marked degree. Elas- 
ticity is not, as commonly thought; the ability 
of a material to be stretched; rather, elasticity 
is the ability of a material td return to its 
original size and shape after a deforining force 
is removed. A hard, strong, and brittle material 
might well be elastic in the true sense ofthe 
word, as long as the applied force was not 
sufficient to fracture the material. The strong 
resistance to distortion offered by the crystals 
would — below the point of fracture — tend to make 
the material distort relatively little but return 
very nearly to its original size and shape after 
distortion. 

Could a material that is strong, hard, brittle, 
and elastic also possess the property of plas- 
ticity? No, not to any marked degree. Plasticity 
depends upon the ability of the material to slip 
without breaking. Consequently, a material that 
is brittle — that is, one which breaks rather than 
slips — is not very plastic. 


178 


Chapter 8— METALS AND ALLOYS 
ann — ——— ee 


As we have seen the properties of DUC- 
TILITY and MALLEABILITY are special cases 
of the property of plasticity. Some materials 
are plastic in the sense of being ductile, others 
are plastic in the sense of being malleable, and 
still others are both ductile and malleable. In 
general, the shape of the crystal space lattice 
determines the ease with which the material 
will slip and also the planes along which slip 
will occur. Consequently, the shape of the cry- 
stal lattice determines whether a material will 
be ductile, malleable, or both. 

The properties of an alloy are very markedly 
affected by the distribution of the various struc- 
tures that compose the alloy. In fact, it is be- 
lieved that the distribution of the components 
may be more important than the properties ofthe 
separate structures in determining the properties 
of the material. For example, most alloys used 
for engineering purposes consist of combinations 


of grains of different orientations. When the 
orientation of the space lattices is different, the 
material of the grain boundaries interferes with 
slip to the extent of making it practically im- 
possible for the material to slip along one con- 
tinuous plane throughout the entire mass of the 
material. Thus the DISTRIBUTION of the dif- 
ferently oriented crystals tends to produce the 
properties of strength and hardness. 


Grain size affects the properties of metals 
and alloys chiefly because it affects the total 
amount and the distribution of the grain boundary 
material. When the grain size is small, there is 
more grain boundary material and it is more 
finely distributed than when the grain size is large. 
Since the material of the grain boundaries tends 
to be stronger than the crystalline grains, a 
smallgrain structure tends to produce a stronger 
alloy. 
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FACTORS IN MELTING 


Hundreds of alloys are produced in a wide 
variety of furnaces in commercial foundries. In 
the Navy’s shipboard and advanced pase found- 
ries, however, foundrymen normally produce 
castings from 16 alloys melted either in oilfired, 
electric-rocking, coreless-induction, or iron- 
pot furnaces, No matter wbich one of these al- 
loys is cast, the production of a sound casting 
depends on many of the factors discussed in pre- 
vious chapters as well as in sections of Molder 
3 & 2, NavPers 10584-B. Previously discussed 
factors influencing a casting’s soundness include 
casting, pattern, and mold design; molding sand 
properties and molding techniques, calculation of 
the charge and furnace charging methods; furnace 
operation, adjustment, and maintenance; pyro- 
metric control; melting and tapping temperatures; 
and the pouring procedure. 

Through the application of design principles 
and sand control techniques, the foundryman can 
avoid or eliminate -many kinds of casting defects. 
In the production of a dimensionally accurate, 
metallurgically sound casting, the procedure 
used to melt down the heat is just as important 
as properly conditioned sand suitably molded 
around a pattern designed to facilitate direc- 
tional solidification. However, many factors in- 


fluence the success or failure of melting pro- 


cedure. We have indicated some of these factors 
in the preceding paragraphs and we will expand 
on them here. In brief, the factors included 
in the melting procedure are: (1) the operating 
characteristics of the furnace, including the con- 
dition of the lining and the spout, (2) furnace 
melting losses as they influence the calculation 
of the charge, (3) furnace preheat and the charg- 
ing procedure, (4) the rate at which the charge 
is melted, (5) the tendency of metals to absorb 
gases at high temperatures, (6) the sequence 
of incorporating metals into the melt, (7) de- 
gassing and deoxidizing techniques, (8) pyro- 
metric control of the melting, superheat, and tap- 


ping temperatures, and (9) solidification charac- 
teristics of each metal. In addition to these, 
the human element is a most important factor. 
The furnaceman must not only know what he is 
doing, he must exercise the utmost care during 
the entire melting procedure. Upon his control 
depends the quality of the metal poured. 


FURNACE OPERATION 
AND MAINTENANCE 


For a given job, the melting procedure em- 
ployed depends on the kind of furnace available 
and the alloy to be melted and poured. This 
means, among other things, that the foundryman 
must be familiar with the operating character- 
istics of the melting unit as well as the proce- 
dures for operating and maintaining the furnace. 
A summary of the operating procedures for typ- 
ical furnaces available in Navy foundries is pre- 
sented in Molder 3 & 2, NavPers 10584-B. Specific 
information on the operation and maintenance of 
the furnace at your duty station is contained in 
the instruction manual furnished by the manufac- 
turer of your equipment. Study these instructions 
carefully, particularly when you transfer to a 
shop having equipment with which you are not 
familiar. Actually, it is a good idea to review the 
operating instructions periodically just tobe sure 
you have the details correctly in mind. Proper 
furnace operation and knowledge of the unit’s 
characteristics are important factors in the 
melting procedure. Before discussing the char- 
acteristics of basic furnace types, let’s look at 
some generalizations applicable to all furnaces. 

First, no matter what type of melting unit is 
available, its lining must be in good condition. 
The material from which the lining is made must 
not only be suitable for the metal being melted 
(see chapter 4), but, after relining or patching, 
it must be thoroughly dried to eliminate mois- 
ture, Further, the lining must be clean and free 
of dross, slag, and foreign matter. Lining. 
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p is essential to good melting prac- 
ce. 

A second generality is preheating. Never 
charge metal into a cold furnace. To do so 
lengthens the time during which the metal is ex- 
posed.to heat and thus Increases the probability 
of oxide and gas formation. A principal reason 
for preheating, however, is to drive off any mois- 
ture the lining may have absorbed from the at- 
mosphere while the furnace was idle. While the 
furnace is empty, it should be preheated to the 
tapping temperature of the metal to be melted. 
Since metal tapping temperatures differ, and 
since a cold furnace requires more time to 
attain a given tapping temperature than a hot fur- 
nace, the amount of time required for proper 

preheat depends on the furnace, its temperature 
prior to preheating, and the tapping temperature 
of the metal involved. Although an experienced 
furnace operator can estimate lining tempera- 
tures by color, it is better to check with an op- 
tical pyrometer. While adequate preheat is es- 
sential, excessive preheat should be avoided. 
Temperatures higher than needed shorten lining 
life. 

In addition to the requirement that a casting 
be metallurgically sound and dimensionally ac- 
curate, it must possess a specified chemical 
composition. Prerequisites for the production of 
castings having a desired composition are (1) 
a knowledge of the composition of foundry al- 
loying materials, and (2) the ability to calculate 
a charge accurately. The former requires that 
scrap be carefully segregated and stowed so that 
the chemical composition of scrap as well as 
new materials is known. The latter involves shop 
arithmetic. Both prerequisites are presented in 
Molder 3 & 2, NavPers 10584-B and will not be 
dealt with 1n detail here. Calculating a charge is 
somewhat simplified when a standard charge cal- 
culating form 1s used (see Molder 3 & 2, NavPers 
10584-B). In brief, the arithmetic involves the 


following: 


1. Total weight of metal desired in the charge 
times the percentage of the particular element 
in the desired charge, gives the total weight of 
the element required. 

2. Total weight of element charged times the 
percentage melting loss of the particular ele- 
ment, gives the weight loss of the element. 

3, Result obtained in step 1 plus result from 
Step 2 gives the actual weight of element which 
must be charged. 


In the usual foundry nomenclature dealing 
with melting losses, percentage is used when the 


loss is figured on the basis of the amount of ele- 
ment originally present. That is, with an origi- 
nal carbon content of 0.50 percent, a 10 percent 
loss would be 0.05 loss and reduce the carbon to 
0.45 percent. When speaking of actual losses, 
each 0.01 percent reduction is called a point re- 
duction. In this case, a 10 point loss would re- 
duce carbon to 0.40 percent or 40 points. 

Melting losses are very important in the cal- 
culation of charges. The average losses cited 
in subsequent paragraphs are those that nor- 
mally occur when the melting practice is cor- 
rect. If temperatures higher than those nec- 
essary to melt the various alloys are used, the 
melting losses may also be considerably higher 
and more inconsistent. To obtain a casting 
having a specified composition, the charge must 
be accurately computed, but the melting tem- 
peratures must be carefully controlled to avoid 
melting losses exceeding those expected. 

When the proper preheat temperature is 
attained, do not delay the charging and subse- 
quent melting sequence. (NEVER ADD DAMP 
OR COLD METAL TO A MELTED CHARGE IN 
A FURNACE—A VIOLENT EXPLOSION WILL 
OCCUR.) With any type of melting unit, melt the 
charge as rapidly as possible, employ a melting 
temperature no higher than necessary, avoid 
slag formation, and pour. the metal as soon as 
possible after melting. 

A final generality applicable to all furnaces 
is that dissimilar metals should not be melted in 
the same lining or crucible. During the melting 
of a ferrous metal, the lining material absorbs 
iron. If the following heat is a brass or a bronze 
alloy, it will be contaminated with iron. Simi- 
larly, the converse is true. Ferrous heats may 
be contaminated by copper, tin, or zinc. If an 
emergency makes melting dissimilar alloys in 
the same lining or crucible necessary, run a 
wash-heat similar in composition to the desired 
alloy. This procedure will cleanse the lining and 
help to prevent contamination of the planned 
heat. Bear 1n mind, though, that wash heats are 
uneconomical. The resulting metal is usually 
not suitable for any casting and must therefore 
be discarded. 


CHARAC TERISTICS 
OF MELTING UNITS 


Each furnace has its peculiarities. For that 
reason, even though the basic types have common 
characteristics, the Molder must familiarize 
himself with the individual differences mani- 
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fested by the furnace with which he does his 
melting. 


OIL-FIRED FURNACES 


Oil-fired furnaces are intended primarily for 
melting copper and aluminum-base alloys. Open- 
flame units are not very satisfactory for alumi- 
num, but are in common use in the production of 
brass and bronze, even though they tend to pro- 
duce an inferior grade of metal, Crucible units, 
on the other hand, are satisfactory for the pro- 
duction of all nonferrous alloys while properly 
prepared iron-pot furnaces are mostsatisfactory 
for aluminum and aluminum-silicon alloys. 


Furnace Atmosphere 


One of the more important factors in melting 
with any oil- or gas-fired furnace is control of 
the furnace atmosphere. Constant attention by 
the furnace operator is necessary to maintain the 
proper adjustment of fuel and air supply. Flame 
adjustment should be slightly oxidizing. À re- 
ducing flame must be avoided as the gases of in- 
complete combustion, particularly hydrogen, are 
readily absorbed by the metal during the melting 
procedure, While these gases are absorbed by 
the metal when it is at a high temperature, many 
of them are expelled only when the metal solid- 
ifies. Thus, they may cause the casting to be 
porous and to develop a spongy structure. In no 
case should the flame be permitted to impinge 
directly on the charge. When the furnace is 
charged beyond its designed capacity direct 
flame impingement is likely to occur. 


Melting Losses 


Melting losses in oil- or gas-fired furnaces 
vary with furnace design, furnace atmosphere, 
and melting practice. Assuming that the melting 
practice and furnace atmosphere are correct, 
the average melting losses for copper-base al- 
loys in an open-flame unit are from 0.5 to 0.75 
percent tin, 0.75 to 1.5 percent zinc, and up to 
0.25 percent lead. In a crucible furnace, the av- 


erage melting losses are slightly lower; 0.5 per- 


cent tin, 0.75 percent zinc, and notover 0.25 per- 
cent lead. | 
Aluminum melting should not be attempted 1n 
an open flame unit because melting losses and 
gas absorption are excessive. In a crucible or 
iron-pot furnace melting losses for aluminum 
are negligible. To avoid iron pickup in the iron- 
pot furnace, use an approved commercial wash or 
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preheat the pot to a temperature slightly above 
that of boiling water. Then paint the pot witha 
wash made by mixing 7 pounds of whiting in 
a gallon of water. The pot may be painted with a 
clay wash. Small additions of sodium-silicate to 
the mixture improve adhesion. A film of moderate 
thickness should be built up in the pot. 


Charging 


As a rule, scrap and remelt material are 
charged into the furnace first. The ingot ma- 
terial is placed on top. When melting aluminum 
the flux is placed on top of the charge. If there is a 
possibility that some of the ingot may be directly 
impinged by the flame, it is advisable to charge 
a portion of the ingot after the material in the 
furnace becomes plastic. 

Exercise care when charging a crucibile. 
Avoid poking or dropping heavy pieces of metal 
into the crucible. Like a furnace lining, cru- 
cibles, too, must be cleaned between heats and 
preheated to a red heat before charging. Dis- 
similar metals should not be melted in the same 
crucible. However, crucibles in which silicon 
and aluminum bearing alloys were melted may 
be used for melting silicon and aluminum 
bronzes, but should not be used for melting any 
other alloys. 


ELECTRIC ROCKING FURNACES 


Electric rocking furnaces (indirect-arc and 
resistor types) installed aboard Navy repair 
ships are suitable for melting both ferrous and 
nonferrous metals. Successful melting in these 
furnaces depends primarily upon careful main- 
tenance of the refractory lining and proper op- 
erating technique. 


Furnace Action 


An outstanding feature of these furnaces is 
their rocking or rotation action. Heat from the 
electrodes radiates in all directions. Some of 
this heat is absorbed by the charge, the remain- 
der is absorbed by the refractory lining. As the 
shell rocks back and forth, the charge washes 
over the heated lining and absorbs heat by con- 
duction. This action serves to shorten the melt- 
ing time and helps to produce a homogeneous 
mixture. For this reason, it is important that 


the furnace be brought to full rock as soon as 


practicable so that the heat absorbed by the 
lining can be utilized to best advantage during 
the melting operation. 
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Except for differences in furnace construction 
and the operation of the control panels, the 
indirect-are and resistor rocking furnaces are 
similar. With either type of furnace the heating 
elements must be withdrawn to a position flush 
with the inner lining after preheating and before 
charging the furnace. They must then be rein- 
serted after charging is complete. The charge 
must not come in contact with the heating ele- 
ments. Also, the possibility of metal dropping 
on the elements during initial rocking must be 
avoided. 


Charging 


The charging procedure itself depends some- 
what on the type of charge; that is, the propor- 
tions of scrap and ingot making up the charge. 
As a rule, about half the scrap, in the form of 
gates and risers, is charged first while the fur- 
nace door is in a position midway between the 
extreme top and bottom of the shell. Then, after 
rotating the shell to raise the door to about a 45° 
angle, the heavier ingot or pig materialis charged 
behind the scrap. Following this, the remaining 
portion of the scrap is charged. Ideally, the fur- 
nace door should be in the top-center position 
with the charge equally balanced in the bottom 
of the furnace when charging is completed. This 
position should be slightly varied from time to 
time to prevent excessive wear in one portion of 
the lining. Charging should be completed as 
quickly as possible to prevent excessive heat 
loss from the lining. As the melting operation 
proceeds, and a pool of molten metal collects in 
the bottom of the furnace, the rocking angle should 
be steadily increased. 


Slag Control 


The formation of slag is most objectionable 
in electric rocking furnaces. When a slag blan- 
ket forms, it insulates the metal from the heat 
radiating from the elements and at the same time 
reflects an abnormal amount of heat to the re- 
fractory lining above the slag. This causes more 
refractory to melt and more slag to form. A 
continuation of these circumstances can quickly 
result in a melted lining. Do not attempt to raise 
the temperature of a heat when a slag blanket 
has formed. Either remove the slag or tap the 
furnace, If the lining takes on a ‘‘runny’’ appear- 
ance, shut off the power, remove the door, and 
spread clean, dry sand over the slag to thicken 
it. Then pull the slag out of the furnace with a 
slag skimmer and resume operations. 


When melting ferrous metals in electric 
rocking furnaces, the condition of the graphite 
heating elements 1s very important. The 
indirect-arc furnace must be closely watched. 
A sharp, clear arc is desired. An arc that is 
cloudy and smoky emits graphite and deteriorates 
rapidly. If the electrodes deteriorate and con- 
taminate the bath during the melting operation, 
the chemical analysts and physical properties of 
the casting may be altered. However, when 
electrodes are in good condition, the possibility 
of carbon pickup may be safely ignored. When 
melting nonferrous metals, the danger of carbon 
pickup is less critical, principally because the 
temperatures are not as high, but also because 
carbon is not soluble in most nonferrous metals. 


Melting Losses 


In the melting of both ferrous and nonferrous 
metals in electric rocking furnaces, certain 
melting losses must be taken into account when 
calculating a charge. Here again, experience 
with a particular furnace is a determining fac- 
tor. On the average, though, the melting losses 
in nonferrous heats are 1/4 of 1 percent zinc, 
tin, and lead. In cast iron heats, the average 
losses are 10 percent manganese, 3 percent sil- 
icon, and 20 percent graphite. In steel melting, 
where the temperature is considerably higher 
than in other melting operations, the average 
losses are 10 percent carbon and 25 to 35 per- 
cent manganese. Losses of other elements are 
negligible. Since there is some lining deteriora- 
tion in steel melting, there is a silicaon gain in 
an acid type lining rather than loss which must 
be taken into account. The range of silicon 
pickup is 25 to 35 percent. Like losses, the sil- 
icon gain varies and is a function of the physical 
character of the charge, the tapping temperature, 
and the length of time the metal is held at the 
superheat temperature prior to tapping. Experi- 
ence and the study of carefully kept furnace 
operation records are mostimportant to success- 
ful melting in electric rocking furnaces. 

For additional information on melting prac- 
tices for ferrous and nonferrous alloys in the 
indirect-arc and resistor type furnaces, refer to 
the Foundry Manual, NavShips 250-0334, and the 
manufacturer's manual which gives excellent in- 
formation on melting procedures. 


INDUCTION FURNACES 


Induction furnaces are used at some advanced 
bases for melting all types of ferrous and non- 
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ferrous alloys. Furnaces of the 1nductiontype are 
now included as part of the allowance for some 
new submarine and destroyer tenders. In addi- 
tion, induction furnaces are currently being in- 
stalled in older tenders and repair ships.Incom- 
mon with other types of furnaces, lining 
installation and maintenance is most important. 
The lining installed in 650-pound furnaces depends 
upon the metal to be melted. A clay-graphite 
crucible packed in place with Norsand is used 
to melt nonferrous metals. Usually, a sintered 
lining is used to melt ferrous metals, but steel 
may also be melted in a properly installed cru- 
cible. If using an acid melting method, a silica 
crucible is used. À magnesia crucible is used 
with base steel melting. | 

Assuming that linings or crucibles are prop- 
erly installed and that power is properly applied, 
the most important single factor in melting with 
induction furnaces 1s the manner in which ma- 
terials are charged. Scrap and alloys having an 
aggregate composition as close as possible to that 
desired in the finished casting are selected. 
Heavy pieces are charged first, with scrap 
placed so that it can slide freely into the 
molten bath. The compactness of the charge 
has an advantageous influence on the speed of 
melting. Consequently, large void spaces should 
be avoided. However, the charge should not be 
packed too tightly, or metal expansion prior to 
melting will crack the crucible or lining. Long 
or thin pieces should be avoided. 

With the application of power, heat is gener- 
ated entirely in the charge itself. The induced 
current circulates through the outer surface of 
the charge in a direction parallel but opposite to 
that in the coil. The resistance offered by the 
metal to the flow of current generates intense 
heat near the outer surface of the charge. This 
heat rapidly conducts to the center of the charge. 
Since the highest temperature 1s concentrated 
near the outer surface, this portion of the charge 
melts first. With the formation of a molten pool 
of metal at the bottom of the furnace, convection 
currents create a stirring motion in the liquid 
metal. This contributes to rapid melting because 
molten metal washes against those portions of 
the charge that are still solid, This same action 
thoroughly mixes the batch and thus contributes 
to the production of a uniform casting alloy. The 
vigor of stirring can be increased or decreased 
by increasing or decreasing the power input. 

Convection currents also produce a convex 
crown at the top of the molten bath which makes 
it difficult to keep a slag blanket on the metal. 
This is not too important, though, as a slag blan- 
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ket is not necessary for satisfactory melting. 
Occasionally, the pieces of the charge bridge 
over and do not slide readily into the molten pool. 
Bridging is not a serious condition, but if per- 
mitted to continue indefinitely lining damage and 
overheated metal will result. Bridging can be 
avoided by proper placement of the charge. If 
bridging occurs, the material must be carefully 
moved with a steel bar. Avoid severe poking, 
however, or the lining may be damaged. Do not 
operate the furnace at full power for more than 
4 or 5 minutes if an unfreed bridge exists. To 
do so will overheat the molten metal below the 
bridge. Overheating has a harmful effect on 
metal composition because metal loss increases. 


GAS ABSORPTION ` 
AND OXIDE INCLUSION 


Selecting, calculating, and charging material 
into the preheated furnace are important factors 
in the melting procedure. With these steps ac- 
complished, the furnace tender’s job is just 
beginning. From the moment the furnace is 
charged until tapping is completed, he must pay 
constant attention to the furnace, its controls, 
and the progress of melting. Since so much of 
the melting procedure depends on the exercise 
of judgment based on careful observation, it is 
obvious that the furnace tender should have con- 
siderable training and prior experience with the 
melting unit involved. He must not only know 
what sequence of operations to follow, he must 
also correctly recognize the furnace and charge 
conditions that indicate when it is appropriate to 
perform a given operation; i.e., remove slag, 
add virgin metals, or incorporate degassers and 
deoxidizers, More will be said about the se- 
quence and method of incorporating additions 
while working the heat when specific melting 
procedures are discussed in subsequent para- 
graphs. 


COMTAMINANTS AND 
CASTING DEFECTS 


Defective castings stemming from the melt- 
ing procedure can usually be traced to gas ab- 
sorption. As noted previously, the most serious 
contaminant is hydrogen. Other possible con- 
taminants include sulphur dioxide, carbon diox- 
ide, carbon monoxide, and various metal oxides 
which may release hydrogen through a reac- 
tion of the oxide with a reducing compound in 
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the metal. Any substances that form hydrogen or 
any other soluble gases as a result of chemical 
reaction with molten metal are potential sources 
of casting porosity. Some ofthe more common gas 
producing substances include turnings and bor- 
ings saturated with oil, damp additives, in- 
adequately dried linings, spouts or ladles, a re- 
ducing furnace atmosphere, and high humidity. 

Most of these sources can be eliminated by 
controlling the condition of the furnace and the 
charge; that is, making sure that moisture will 
not be introduced and that proper heating tem- 
peratures are maintained. Since the affinity of 
metals for many gases is enhanced as the tem- 
perature increases, and since the quantity of gas 
absorbed is related to the length oftime the metal 
is at high heat, it follows that heating to a tem- 
perature higher than necessary or holding the 
metal at superheat longer than required willcon- 
tribute to the absorption of gases. As the- molten 
metal cools, the solubility of the gas decreases 
to the solidification point. This abrupt decrease 
in the solubility will cause an increase in gas 
evolution; therefore gas is entrapped in all or 
parts of the casting to a greater or lesser degree, 
depending on the cooling conditions at the time 
of solidification. Consequently, porosity will be 
present. 


FLUXES AND THEIR USE IN MELTING 


Numerous solid and gaseous materials called 
fluxes have been used during the melting opera- 
tion to prevent dross formation, gas absorption, 
or oxide inclusion. For our purpose, fluxes may 
be subdivided into three groups: cover fluxes, 
degassers, and deoxidizers. COVER FLUXES 
include such materials as charcoal, borax, so- 
dium chloride, and sodium fluoride; DEGASSERS 
include potassium permanganate, manganese di- 
oxide, copper oxide, and nickel oxide; DEOXI- 
DIZERS include metallic manganese, magnesium, 
silicon, phosphor-copper, and dry nitrogen. Dry 
nitrogen is also classified as a degasser. 

Fluxes are available in a variety of forms— 
powders, tablets, crushed and screened part- 
icles, blocks, and granulated material packed in 
metal foil tubes. They may be applied in several 
ways depending upon the fluxing material itself 
and the melting practice being followed. Some 
fluxes are placed in the furnace with the other 
materials when the furnace is initially charged. 
Some are added to and stirred in after the charge 
is partially melted and slag has been removed. 
Others are plunged to the bottom of the melt. 
Still others (the flushing gases) are piped into 


the molten charge. And finally, some fluxes are 
used as ladle additions, the metal being poured 
over the flux or the flux being added and stirred 
in after the ladle is filled. The manufacturer's 
instructions should be consulted before a given 
flux is employed for a particular application. 


Cover Fluxes 


It is not difficult to visualize the manner in 
which a cover flux functions. By forming a blan- 
ket over the top of the molten charge it insulates 
the metal from exposure to the atmosphere. In 
some instances, particularly with aluminum and 
other dross forming metallic mixtures, the cover 
flux may curtail metal loss by reducing the 
amount of metallic element included in the 
dross. 

As you may recall, a slightly oxidizing at- 
mosphere should be employed for melting metals. 
The purpose of this atmospheric condition rather 
than a reducing atmosphere is to lessen the 
probability of hydrogen absorption. Although 
cover fluxes do not permit oxidation, the fur- 
nace atmosphere should remain slightly oxi- 
dizing. Many cover fluxes are hydroscopic; that 
is, they absorb and retain large quantities of 
moisture from the atmosphere. Thus, they often 
introduce moisture, contributing to gas absorp- 
tion difficulties rather than eliminating them. 

Charcoal, which has long been employed as a 
cover in nonferrous melting, is a highly hygro- 
scopic substance. It does not give up its mois- 
ture content until its temperature has been 
raised to that of a bright red heat. All too fre- 
quently it is used without sufficient preheat. 
Consequently, melting under charcoal is harm- 
ful more often than not, therefore, its use should 
be avoided. 

Glass, too, is frequently used as a cover when 
melting nonferrous metals. This material so 
effectively prevents contact between the molten 
charge and the atmosphere that some authorities 
maintain it prevents the escape of harmful gases 
from the charge as well as the absorption of 
oxygen from the atmosphere. Further, glass 


attacks and has a detrimental effect on crucibles 
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and linings. 

As a rule, then, cover fluxes are of doubtful 
value in most melting operations other than with 
aluminum and magnesium. With these latter 
metals, the cover flux (usually asodium-chloride 
or sodium-fluoride compound) serves to prevent 
oxidation and to minimize the formation of dross 
characteristic. But here, too, the fluxing mate- 
rial must be thoroughly dry or it will contribute 
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to hydrogen pickup which is crucial in all melting 
operations. 


Degasser and Deoxidizers 


As their names imply, it is the function of 
degassers to remove hydrogen and other solu- 
ble gases from the molten metal while deoxi- 
dizers remove oxides remaining in the mixture 
after it has been degassed. A detailed explana- 
tion of what takes place when heat is applied to 
and then withdrawn from a metal is very com- 
plex. Insofar as degassing and deoxidizing are 
concerned, the picture (very much simplified) 
is something like this: With the application of 
sufficient heat, the elements in the charge (in- 
cluding the elements of those substances which 
are potential sources of hydrogen formation) 
are released from their previous structures. 
After release, they tend to combine with other 
elements and form different molecular and 
atomic structures. Moisture, for example, con- 
sists of hydrogen and oxygen (Ha O). Heat breaks 
the moisture molecules down (to some extent) 
into their elements. Some of the oxygen so re- 
leased tends to combine with the metallic ele- 
ments present and forms metallic oxides. Other 
oxygen atoms go into solution in the mixture. 
The hydrogen released does not combine chemi- 
cally with the metallic elements, but is mechan- 
ically (nonchemically) retained inthe metal at 
high temperatures. Then when lower tempera- 
tures prevail, the hydrogen is capable of escap- 
ing. The moisture molecules that do not break 
down, as well as the hydrogen and oxygen that 
recombine with one another, escape from the 
charge as steam. It is the nascent (atomio) hy- 
drogen retained in the molten metal at high tem- 
peratures that is the source of difficulty. Un- 
less this gas is removed at a temperature above 
the metal's solidification point, the gas escaping 
during solidification will create porous castings. 

Now, when the circumstances within the mol- 
ten charge are such that the oxygen released in 
the breakdown of H30 is unable to recombine with 
any other element in the charge, it recombines 
with the hydrogen and escapes as steam. Oxides 
(especially copper oxide and manganese dioxide) 
added to the charge provide excess oxygen which 
can combine with any nascent hydrogen in the 
molten metal. Further, the presence of this ex- 
cess oxygen inhibits the breakdown of moisture 
into oxygen and hydrogen because the chemical 
condition is unfavorable. That which does break- 
down readily recombines and passes off as steam. 
After degassing with oxides, excess oxides must 
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be eliminated from the charge by deoxidizing 
with a nonsoluble gas forming material like 
phosphor-copper. By nonsoluble we mean a gas 
that will not combine chemically with the metal- 
lic elements of the charge or be retained me- 
chanically by the molten metal. 

Although the degassers will remove consider- 
able hydrogen, they will not take it all out un- 
less the treatment is exceptionally long, much 
longer than is practicable in the foundry. Con- 
sequently, once metal is gassed, the condition: 
cannot be completely corrected. Therefore, the 
only real solution is to PREVENT the absorp- 
tion of hydrogen by melting in an oxidizing at- 
mosphere and to take steps ensuring clean, dry 
material in the charge. 

Another way to release gas after it is ab- 
sorbed by molten metal is to flush the charge 
with dry nitrogen. This’ may be accomplished 
by piping the dry gas to the bottom of the molten 
charge or by immersing a solid flux in the 
melt that gives off gas. In either case, the gas 
bubbles up through the metal. As the nonsoluble 
gas bubble rises through the metal it absorgs 
hydrogen and carries it off. This is believed to 
be a purely physical rather than a chemical 
process. It is thought that the hydrogen in the 
metal is under a greater pressure than the 
flushing gas (sometimes called scavenging), and, 
as a consequence, that the former is absorbed 
by the latter until the partial pressures of the 
two gases are equal. ` 

Assuming that atmospheric humidity is low, 
and that all other potential sources of gas for- 
mation and absorption have been controlled, 
some authorities consider the use of fluxes to 
be unnecessary in nonferrous melting, except 
in the case of magnesium. They maintain that 
although some of the available commercial flux- 
ing compounds are useful when employed in the 
right way at the right time, their indiscriminate 
application as a cure-all is as likely to cause 
trouble as to cure it. In all cases, fluxes should 
be used like a doctor's prescription rather than 
as a patent medicine. When they are used, they 
must be perfectly dry. 


CONTROL OF GASES IN 
COPPER-BASE ALLOYS 


The most satisfactory material used to con- 
trol gas absorption and oxide inclusion in the 
melting of COPPER-BASE ALLOYS are copper 
oxides and phosphor-copper. Generally, 1 pound 
copper-oxide per 100 pounds of charge is em- 
ployed as a degasser, while 11/2 to 3 ounces 
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phosphor-copper per 100 pounds of charge ef- 
fectively deoxidizes the bronze alloys. Copper 
oxides should not be used as a flux with alloys 
containing oxidizable elements unless the initial 
charge contains undesirable quantities of ele- 
ments like phosphorus, lead, iron, aluminum, 
and silicon. This use of flux, however, is that 
of refining and is not the usual operation per- 
formed by the Navy melter. 


High zinc brasses and manganese bronze are 
not prone to hydrogen absorption since zinc itself 
is an efficient degassing agent. Consequently, 
there is no need for an oxidizing treatment. Cop- 
per oxides should not be used in the melting of 
aluminum or silicon bronze because these ele- 
ments oxidize readily. When phosphor-copper is 
used to deoxidize bronzes, it must be carefully 
controlled. An excess of phosphor-copper will 
decrease the ductility of the alloy. 


CONTROL OF GAS IN 
ALUMINUM BRONZE 


In order to determine if aluminum bronze 
needs a degassing agent, the following steps should 
be used as a guide: 


1. Pour a test sample approximately 3 inches 
in diameter and 3 inches deep and then observe 
the top surface. À deep pipe at the top may in- 
dicate a reasonably gas free metal. A convex 
surface may indicate a high gaseous state, and 
a level surface at the top may indicate a gaseous 
state. Both of the latter may cause a casting to 
be rejected. If a gaseous state is indicated, it is 
then necessary to use a degassing agent to purge 
the gas from the metal. (In order to more ac- 
curately evaluate the gas content of aluminum 
bronze, a series of gaseous test samples with 
varying degrees of gas should be used in con- 
junction with the evaluation. The as-cast test 
samples should be 3 inches in diameter and 3 
inches deep when originally cast. The pouring 
temperature and the type of material should be 
stamped on the side of each sample. The samples 
to be tested should be poured at the same 
temperature as the original test samples.) 


2. If gas is present in the metal as indicated 
in the gas test, purge the metal with dry nitrogen 
or with approved commercial degassing tablets 
that are developed for copper-base alloys. If the 
purging of gas from the metal is not completely 
successful, the metal should be cast into pigs. 


The cause of the gaseous metal should be investi- 
gated in order to make a correction. 


CONTROL OF GASES 
IN ALUMINUM 


Aluminum has a greater affinity for hydro- 
gen than most metals you are likely to melt, yet, 
a flux is not always necessary. An oxide enve- 
lope always surrounds aluminum. So long as this 
envelope is not broken, it offers considerable 
protection from gas absorption. Thus, if the 
metal is carefully handled and melted, a pro- 
tective cover flux is not required to prevent hy- 
drogen absorption. However, aluminum oxidizes 
readily and forms considerable dross which may 
be trapped in the final casting unless it is re- 
moved. For this reason, fluxing may be bene- 
ficial and even necessary when considerable 
foundry scrap and secondary metal are included 
in the melt. Nevertheless, when used with alu- 
minum, fluxes should be considered a supple- 
ment to, rather than substitute for, good melting 
practice. 


In addition to gaseous nitrogen, the most com- 
monly used aluminum fluxes are zinc chloride, 
aluminum ,chloride, sodium-aluminum fluoride, 
and various mixtures of these substances. The 
aluminum fluxes usally employed in Navy found- 
ries are the commercial materials ''Foseco 
Coveral" and ‘‘Foseco Degasser.’’ These mater- 
ials must be carefully applied, and they must 
be perfectly dry when incorporated in the charge. 


Coveral is used principally when melting is 
accomplished in oil-fired furnaces. Here the 
material is added to the initial charge. Then 
when the charge is molten, more flux is sprinkled 
over the surface of the bath. The required amount 
can be determined by stirring a small quantity 
into the dross and continuing to stir in small ad- 
ditional amounts of flux until the dross becomes 
powdery. When the dross attains this condition, 
sufficient flux has been added and the dross can 
easily be removed. The degasser, on the other 
hand, is plunged into the melt when the metal's 
temperature ranges from 1250?to 1275? F. Four 
ounces per 100 pounds of aluminum is the 
recommended amount. In adding this material, 
push the dross aside and plunge the flux to ap- 
proximately one inch from the bottom of the pot. 
Rotate the plunger slowly for 2 or 3 minutes 
while the bubbling proceeds. This, bubbling 
serves to physically purge the bath of objec- 
tionable gases. 
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CONTROL OF GASES IN 
NICKEL-BASE ALLOYS 


Nickel-base alloys are frequent1y melted down 
under a thin protective slag coating. About 2 
pounds glass per 100 pounds of metal is a com- 
mon application in many foundries. Others em- 
ploy limestone to form a protective slag ccver. 
If new metals are used to make monel, copper 
oxides in proportions of 2 to 3 ounces per 100 
pounds metal is introduced in the melt about 10 
minutes prior to tapping. This addition is not 
necessary, however, if scrap is included in the 
charge. In this case, silicon-manganese alloy 
(0.5% manganese, 0.2% silicaon) is employed to 
adjust composition and release absorbed gas. 
Deoxidation is accomplished in the ladle either 
. by tapping on top of magnesium, or be plunging 
magnesium to the bottom of the ladle with a pair 
of tongs. Magnesium is used in a proportion of 
11/2 ounces per 100 pounds metal. Occasionally, 
0.05 percent titanium is added as a ladle addi- 
tion to fix any nitrogen that may be present. 
Nickel-base alloys are fluxed in the ladle because 
of the violent action of magnesium. 


GAS CONTROL IN 
CAST IRON 


Cast iron castings are seldom defective due 
to the presence of absorbed gases; in fact, little 
is known about the behavior of gases incast iron. 
Consequently, degassers are not necessary toen- 
sure castings free from gas defects. However, 
melting should be accomplished rapidly in a 
slightly oxidizing atmosphere to minimize the 
possibility of gas pickup. Ferrosilicon, calcium- 
silicon, ferromanganese-silicon, zirconium- 
Silicon, graphite, and other materials called 
graphitizing inoculants are added to cast iron as 
ladle additions. These materials, however, are 
not used as fluxes in the same sense as we have 
been using the term. They are known as inocu- 
lants. Their function is to change the structure 
of the iron alloy -and thus change its physical 
properties without changing the chemical com- 
position. 


CONTROL OF GASES 


Steel, in contrast to cast iron, requires a 
great deal of attention during the melting pro- 
cedure to avoid defects due to gases. Oxidizing 
conditions must be maintained to minimize the 
extent of hydrogen and nitrogen absorption. In 
addition, iron ore should be added to the charge 
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to promote a reaction between the carbon in the 
charge and iron oxide to form carbon monoxide 
(which burns at the furnace door to carbon di- 
oxide). This carbon monoxide forms bubbles in 
the molten steel and provides a stirring action 
which carries off hydrogen and nitrogen which 
migrate into these bubbles. Boiling should be 
maintained throughout the heat until final addi- 
tions of ferromanganese and ferrosilicon are 
made. The oxides formed in steel by the oxidi- 
zing conditions and the addition of iron ore are 
readily reduced by manganese, silicon, and alumi- 
num. Aluminum is the final deoxidizer. To be 
effective, it must be carefully added to en- 
sure that it enters the steel and does not burn 
on the surface or react with the slag. 


PYROMETRIC CONTROL OF 
TEMPERATURE 


Experienced melters recognize that pyro- 
metric control is essential in the production of 
consistently sound castings. If the pouring tem- 
perature is too low, castings having ‘‘cold shut" 
defects will result. On the other hand, melting, 
superheat, tapping, and pouring temperatures 
that are too high increase the probability of dis- 
solving harmful gases as well as excessive 
melting loss of crucial elements. Further, an 
excessive pouring temperature results in ex- 
cessive shrinkage because the freezing range is 
lengthened. 

Immersion-type pyrometers are usually em- 
ployed to measure the temperature of babbitt, 
aluminum, and copper-base alloys while optical 
pyrometers are used with the higher melting 
point metals. With either type device, reliable 
results depend on the proper use of a correctly 
calibrated instrument. The thermocouple of an 
immersion-type pyrometer is made of a variety 
of materials. Those available in the Navy foundry 
are usually 8 gage chromel-alumel encased in a 
cast-iron tube. To determine metal tempera- 
tures with this instrument, immerse the ther- 
mocouple 4 to 6 inches into the molten bath. (If 
bare wires are immersed, agitate them to pre- 
vent bridging.) After several seconds, quickly 
raise the thermocouple until only the tip is in 
the metal. The maximum reading at these im- 
mersion depths is taken as the temperature of 
the metal. 

There are many factors which must be taken 
into consideration when determining the tem- 
perature of iron, steel, and nickel-base alloys. 
First, the instrument must be in perfect cali- 
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bration and the operator must have had consid- 
erable practice with an optical pyrometer. He 
must match perfectly the instrument's filament 
brightness with the radiation emanating from 
the metal. Obviously, accurate readings depend 
in part on accurate judgment. Erroneous read- 
ings are also likely if any of the following con- 
ditions prevail: (1) considerable temperature 
differential between furnace wall and metal, (2) 
bright daylight or artificial light entering the 
furnace and being reflected to the instrument 
from the furnace wall, (3) sighting the instru- 
ment through smoke, flame, or fumes, (4) a lack 
of uniform temperature conditions within the 
charge, and (5) a coating of oxide or slag on the 
surface. Nonuniformity of temperature within 


the bath occurs when additional metal has been 
added to the melt. A reading taken before the 
added material has become liquid will be erro- 


neous because the radiant energy reflected to 


the pyrometer gives a false indication of tem- 
perature. For a reading to be dependable, the 
operator must be sure that the above mentioned 
circumstances are not influencing his result. 

Many factors are involved in a satisfactory 
melting procedure. Preheating, charging, rapid 
melting, and control over gas and oxide inclusions 
are all important. But just as important is con- 
trol over the temperatures involved. In short, 
pyrometric control of melting and pouring tem- 
peratures is essential to the production of sound 
castings with uniform properties. 
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Chapter 1O 
MELTING METALS 


As pointed out in the previous chapter, there 
are a number of factors common to all melting 
procedures. For example, all metals except bab- 
bit should be melted as rapidly as possible. 
Yet, there are important differences that must 
be taken into account if a satisfactory casting 
is to result. Probably the most important dif- 
ference is the temperature at which various metals 
are melted and poured. To ensure success, prop- 
er melting and pouring temperatures must be 
maintained within very narrow limits. Factors 
common to the melting of various nonferrous 
and ferrous metals, and theimportant differences 
in the melting procedures for such metals are 
considered in this chapter. Information is in- 
cluded on charging various furnaces, melting the 
metals, degassing treatment, deoxidation treat- 
ment, test procedures, pouringtemperatures, and 
notes about pouring. 


The information in the chapter deals with met- 
als and alloys commonly used by Molders in the 
Navy. For information on special alloys not 
covered in this chapter, refer to the Foundry 
Manual, NavShips 250-0334. Although not re- 
quired reading for qualification for advancement 
purposes, another excellent source of informa- 
tion on melting nonferrous alloys is Copper- 


Base Alloys Foundry Practice, published by the 
American Foundrymen's Society. 


NONFERROUS ALLOYS 


Nonferrous melting is particularly important 
to the Navy Molder because most of the metals 
he pours belong to this category. Here we have 
the copper-base, aluminum-base, and nickel- 
base alloys. Within each of these larger group- 
ings there are subtypes. Unfortunately, not all 
alloys within a given class may be melted satis- 
factorily by the same procedure or technique. 
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COPPER-BASE ALLOYS 


Probably the most widely used nonferrous 
castings are made of COPPER-BASE ALLOYS. 
A wide variety of these alloys are manufactured 
commercially; of these, nine are commonly pro- 
duced in the Navy foundry. From the viewpoint 
of the melting procedure, we can treat them as 
belonging to one of four groups in which the 
melting procedure is essentially the same. The 
first group, TIN BRONZES, includes gun metal 
(88 Cu, 8 Sn, 4 Zn), hydraulic bronze (85 Cu, 5 
Sn, 5 Zn, 5 Pb), valve bronze (88 Cu, 6.5 Sn, 4 
Zn, 1.5 Pb), and phosphor bronze. This latter 
alloy is a gun metal alloy deoxidized with phos- 
phorus and in which a trace of phosphorus re- 
mains. Gun metal is more commonly known as 
composition G, while valve bronze is usually re- 
ferred to as composition M. 


A second group of copper-base alloys having 
a similar melting procedure are the BRASSES. 
These include manganese bronze (58 Cu, 39 Zn, 
1 Al, 0.5 Mn, 1 Fe, 0.5 Sn), yellow brass (70 Cu, 
27 Zn, 2 Pb, 1 Sn), and red brass (80 Cu, 9.5 Zn, 
3 Sn, 7.5 Pb). Note that each of these materials 
has a relatively high zinc content. Consequently, 
a deoxidizing treatment is usually not required 
since the zinc itself is an excellent deoxidizer. 

From the point of view of melting, ALUMI- 
NUM BRONZE containing 85 to 89 percent cop- 
per, 1 to 3 percent iron, and 8 to 10 percent 
aluminum is the third class of copper-base 
alloys. The fourth class of copper-base alloys 
is bearing bronze. This class is usually referred 
to as a high leaded tin bronze. Bearing bronze 
is a basic alloy of copper, tin, and lead. The 
classes of bearing bronze usually contain up to 
twenty percent tin, and the lead content is six 
percent and over. When zinc is present in the 
alloy, other than as an impurity, the amount 
used is less than tin. Just how the melting 
procedures for these alloys differ from that of 
other copper-base alloys as well as other 





nonferrous casting materials will be made evi- 
| dent in the subsections which follow. 





Tin Bronzes 


Though the several tin bronzes differ some- 
what in chemical composition, the only essential 
| difference in the melting procedure is the super- 

heat and pouring temperatures employed. Gun 
metal is poured at temperatures from 1920? to 
2300? F, valve bronze from 1900? to 2300°F, 
and hydraulic bronze from 1950? to 2350? F. 
The pouring temperature selected within these 
ranges depends upon the sectional thickness of 
the casting being poured. Thin section castings 
require higher pouring temperatures. The high- 
er temperature cited is suitable for 1/2-inch 
cast sections while the lower temperature is sat- 
isfactory for 11/4-inch cast sections. In no 
case should the pouring temperature be higher 
than necessary. Remember, a variation of 50? 
F in pouring temperature may mean the differ- 
ence between a sound and a defective casting. 





Furnaces and Charges.—The tin bronzes may 
be melted satisfactorily with indirect-arc, re- 
sistor, induction, or oil-fired furnaces. As noted 
previously, the characteristics of the unit in- 
volved must be taken into account. With any fur- 
nace the lining must be in good condition, the 
furnace must be preheated to the pouringtemper- 
ature of the metal to be melted, and the furnace 
atmosphere must be such that the possibility 
of gas absorption is minimized. 


Raw materials for tin-bronze charges usu- 
ally consist of 50 percent remelt (gates, risers, 
and scrap castings) and 50 percent new metal. 
There is no reason to adhere to the 50-50 pro- 
portions, however, the proportions should be ad- 
justed so that all available returns and scrap are 
used. Alloying elements may be added as com- 
mercially pure metals or as master alloys. The 
lower melting point metals used for alloying pre- 
sent little difficulty since they are molten at 
temperatures near or below those of the base 
metals. However, iron, manganese, silicon, 
nickel, and copper present a problem because of 
their relatively high melting points. In most 
cases, it is undesirable to heat the base metals 
to temperatures necessary to effect rapid solu- 
tion of higher melting point metals. Conse- 
quently, master alloys in which high melting 
point alloying elements have been incorporated 
are frequently used. These master alloys melt 
at a lower temperature than the highest melting 
point element contained therein. 
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The premixed ingot alloys have some ad- 
vantages over other alloys mentioned. Ingot 
alloys that are purchased to a specification should 
have the correct alloying composition. Ingot pigs 
have heavy section and, therefore, they have the 


least amount of surface exposed to oxidation 


during the melting procedure. Any losses in the 
remelting operation, may be determined easily 
and correction made for metal loss. 

Melting scrap in a charge can be one of the 
pitfalls in casting good metal. The source of 
trouble is from contamination with other metals. 
The smallest pieces of aluminum bronze, manga- 
nese bronze, or silicon bronze mixed by mistake, 
or otherwise, with tin bronze, will produce harm- 
ful effects. 

The materials making up the charge should 
be clean, free of oil or any other foreign matter, 
and of the correct chemical composition. Scrap 
must be free of sand to avoid the formation of a 
heavy slag blanket over the metal. The charging 
procedure itself depends somewhat on the melt- 
ing unit being employed. In electric rocking fur- 
naces, heavy pieces of scrap are charged to the 
rear of the barrel while ingots are placed on top, 
closest to the heating elements. In the induction 
furnace, the base metal or higher melting point 
materials are charged first with larger pieces 
being placed on the bottom. Scrap, unless it 
makes up a large portion of the charge, is placed 
in the furnace after the base metal. In oil-fired 
furnaces, remelt material is charged first and 
ingots are placed on top. As a rule, best results 
are attained when a capacity rather than a partial 
capacity charge is melted. 


Melting the Charge.— The time required to melt 
down the charge will vary withthe type and condi- 
tion of furnace used and the weight of the charge. 
Melt down should be accomplished as rapidly as 
possible. When the charge attains a molten con- 
dition, check the temperature of the bath frequently 
with pyrometric equipment to avoid overheating. 

As soon as the charge becomes molten, heat ` 
the bath to a temperature of 2000? F and pre- 
pare to incorporate the additives (zinc, tin, and 
lead). This is accomplished in the following 
manner: from 3 to 5 minutes prior to tapping, 
with the bath temperature at 2000? F, decrease 
the furnace heat input (or, in the case of an oil- 
fired furnace, shut the furnace down). Permit 
the bath to cool slightly, almost to the freezing 
point. Push the slag to the back of the furnace 
with a skimmer, then add the zinc, holding it 
beneath the surface with an iron rod to minimize 
melting loss. Do not hold the iron rod in the 


191 


MOLDER 1 & C 
| —————— —)À———————————————————————————"/-IiaócÓO&—O!——————————————————————————————— À——————————À 


bath too long or the iron will contaminate the 
bronze alloy. Zinc and other alloying elements 
should be added in small amounts to permit rapid 
solution. After the zinc, incorporate the tin and 
then the lead ina manner similar to that described 
for zinc. Stir the mixture well with the steel 
rod, avoiding surface agitation. 

With the alloying elements added, re-apply 
heat until the desired tapping temperature is at- 
tained. The amount of superheat should be 75? 
F above the pouring temperature of the tin- 
bronze in electric furnaces. For oil-fired furn- 
aces, the metal should be superheated 25? to 
50? F above the pouring temperature, In no case 
should the tapping temperature exceed the pouring 
temperature by 100? F. Once the proper temper- 
ature has been reached, there should be no de- 
lay in tapping. If a slight delay is unavoidable, 
the furnace should be shut off. During the first few 
minutes after shut down in some furnaces, the 
temperature of the bath will not fall or rise ap- 
preciably. However, in some furnaces there may 
be a heat pick up from the liner which will re- 
sult in a temperature increase of 50? to 100? F. 
If a longer period of delay is necessary, operate 
the furnace at a reduced heat input in order to 
maintain the desired tapping temperature. This 
practice can be avoided by having all handling 
equipment and molds ready in advance. 


Deoxidation.—In electric rocking and coreless 
induction furnaces, proper deoxidation of tin- 
bronze alloys requires the use of 11/2 ounces of 
phosphor-copper per 100 pounds; in the open flame 
and crucible oil- or gas-fired furnaces, 2 or 3 
ounces per 100 pounds of metal and sometimes 
more are required, according to the amount of 
oxides in the bath. In any case, just enough 
phosphor-copper should be added to prevent a 
scum on the steam as it is poured into the mold. 
The phosphor-copper should be placed in the bot- 
tom of the ladle and the metal tapped from the 
furnace. Its use should be carefully controlled 
because a decrease in the ductility of the alloy 
will result if an excess of phosphor-copper is 
used. Prior to tapping, the slag should be skim- 
med from the bath. Be sure that the ladle is well 
dried and preheated. 


Brasses 


The color of a copper-base metal varies with 
the copper and zinc content. Alloys highincopper 
are reddish while those high in zinc are yellowish 
in color. Just as there are tin bronzes of vari- 
our chemical compositions, so there are a mul- 
titude of brasses. Copper content of Navy brasses 
ranges from 55 percent to as much as 80 
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percent. Zinc content ranges as high as 45 
percent. In addition, these alloys usually con- 
tain tin and lead. Occasionally, other elements 
such as aluminum, iron, and nickel are included 
for special purposes. (NOTE: The addition of 
ferrous elements in extremely small quantities 
does not affect the nonmagnetic characteristic 
of nonferrous composition.) 


The zinc content of red brasses is less than 
17 percent while the tin content is less than 6 
percent. In any case, tin content is less than the 
zinc present in the alloy. Red brasses require 
a melting practice, including deoxidation with 
phosphor-copper, similar to that previously de- 
scribed for tin bronzes. The practice for yellow 
brasses differs considerably. Here we are con- 
cerned with the high zinc or yellow brasses. 


Since yellow brass alloys contain large quan- 
tities of zinc, and since zinc’s boiling point (1663? 
F) is well below the melting point of copper 
(1981? F), it is obvious that close control of the 
melting equipment is necessary to avoid exces- 
sive zinc loss and to maintain a uniform product. 
The avoidance of overheating is most important 
to prevent excess zinc loss in melting. 


Yet, yellow brass should be poured at the 
highest possible temperature at which it will not 
throw off fumes or show an excessive flare.(Low 
tensile manganese will flare at about 1850? F; high 
tensile allows will flare at about 1950? F.) This 
temperature depends on the precise composition 
of the alloy. In the case of manganese bronze, 
which is essentially a yellow brass to which 
manganese, aluminum, iron, and tin have been 
added, the pouring temperature is 1750? to 2000? 
F depending on the sectional thickness of the 
casting. The pouring range of commercial brass 
(leaded yellow brass) is 1850? to 2100? F. Naval 
brass, also a leaded yellow brass, has a pouring 
temperature range of 1850? to 2100? F. 


Furnaces and Charges.—Like the tin bronze 
the brasses may be melted successfully in any of 
the furnaces available in Navy foundries. The 
furnace should be preheated to the proper pouring 
temperature for the alloy involved. Furnace at- 
mosphere should be slightly oxidizing. The mater- 
ials, particularly the scrap, should be charged 
in sizeable chunks and packed closely together. 
Turnings and borings should not be used unless 
they have been briquétted (tightly pressed into 
the shape of a brick). Unless so treated, yellow 
brass scrap from the machine shop oxidizes read- 
ily and does not melt. 
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Melting the Charge.—Melt the charge as 
rapidly as possible without burning. This requires 
the constant attention of the operator. About the 
only way to estimate the speed of heatingis by de- 
tecting excess zinc fumes escaping from the 
furnace. As long as no fumes escape, it is safe 
to increase the melting rate. The escape of ex- 
cess fumes is a signal to decrease the melting 
rate. Ideally, the fastest melting rate is one that 
will not give rise to excess fumes. 

When the charge becomes completely molten, 
reduce the heat input or shut down the furnace, 
permit the bath to cool slightly and incorporate 
the zinc as previously described for tin bronzes. 
Next, incorporate the tin and lead. The addition 
of 0.2 to 0.5 percent aluminum helps to reduce 
zinc loss. Since these alloys dross readily, it 
is essential that agitation of the bath be kept to 
a minimum during the addition of virgin metals. 
A deoxidation treatment with phosphor-copper 
is not required. In fact, the use of phosphorus 
in a copper-base alloy containing aluminum is 
more likely to contribute to porosity than to pre- 
vent it. 

Yellow brasses, especially manganese bronze, 
are usually produced by using a master alloy 
or hardener. At advanced bases and aboard ship 
the Navy Molder normally produces mangan- 
ese bronze and aluminum manganese bronze 
from remelt ingots. These ingots are placed as 
closely together as possible in the furnace. 
The melt should be brought up to a tempera- 
ture of 1850° to 1950° F, at the point when the 
zinc begins to flare. One pound of zinc per 
100 pounds of charge should be added to com- 
pensate for zinc loss in melt down. As soon 
as this additive has gone into solution check the 
bath temperature again. The metal is ready for 
tapping as soon as it attains the desired tem- 
perature. 


Test Procedures.—Before tapping a mangan- 
ese bronze heat, a cup sample should be taken 
and poured into a finger mold consisting of 
a flat cast iron or steel plate having half- 
round grooves approximately 11/4 inches in 
diameter and 12 inches in length. After the solidi- 
fied test metal attains a dull red color, itis 
picked up with tongs and placed over a com- 
pressed air outlet and slowly cooled from bot- 
tom to top until most of the heat is dissipated. 
The test sample should then be quenched in water. 
After quenching bend the sample until it breaks, 
using a vise and a heavy hammer, The test bar 
should not fracture at an angle less than 90° and 
the fractured surface should have a pink tinge 


with a slight sparkle. As an additional check, a 
Brinell hardness number of 160-175 is an in- 
dication of a satisfactory alloy with a minimum 
tensile strength of 65,000 psi and 20 percent 
elongation. This hardness check should be made 
when practicable. These tests will consume ap- 
proximately 3 to 4 minutes. A satisfactory test 
indicates a satisfactory alloy. If the test bar 
bends too little before fracture, the test indi- 
cates a need for additional copper. If the bar 
bends too much or too easily, the test indicates 
that additional zinc is required. 

Some naval shipyards use a somewhat differ- 
ent and more useful test procedure to determine 
the suitability of manganese-bronze melts. When 
the melt in the furnace reaches the proper 
temperature, 5 test bars are cast in an iron 
mold. These bars are 91/2 inches long, have 
a trapezoidal cross section, and are 5/8 inch 
thick. As soon as possible after the bars are 
poured they are dumped from the mold. Two 
bars are immediately quenched in water. The 
remaining 3 bars are allowed to cool in air for 
5 minutes after which they are quenched in 
water. After quenching, the test bars are bent 
around a cylindrical pin 2 7/16 inches in diameter. 
The 2 bars quenched immediately should not 
bend more than 20° and the fracture should have 
a pinkish color. If the bars bend too much, 
the yield and tensile strength will be low. The 
addition of zinc to the bath is indicated. The 
bars which have been allowed to cool in air 
for 5 minutes before quenching should bend 
around the pin 120° or more and not fracture. The 
outer fibers of the bar when bent 120? will have an 
elongation of approximately 25 percent. The bars 
which are quenched immediately give an indica- 
tion of the yield and tensile strength; the bars 
cooled in air for 5 minutes and then quenched 
give an indication of the elongation. In order to 
obtain comparable results, however, it is essen- 
tial that the method of quenching and time cycle 
established be followed consistently. 

Except for the differences noted, namely, a 
lower and narrower pouring temperature range, 
the use of remelt ingots, and the lack of a need 
for a deoxidation treatment; the brasses are 
melted much like the tin-bronzes. Since zinc 
content is high, brass melting probably requires 
greater skill on the part of the melter than others 
of the copper-base alloys. 


Aluminum Bronze 


Aluminum bronzes are copper-base alloys 
containing 5 to 15 percent aluminum, up to 10 
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percent iron, and less than 0.5 percent silicon. 
Manganese or nickel may be included in the mix- 
ture. These alloys may be melted in any of the 
equipment suitable for other copper-base alloys. 
Normal melting precautions should be observed. 
If the material is carefully melted in a slightly 
oxidizing atmosphere, there is little danger of 
gas absorption. This is true because a film of 
aluminum oxide surrounds the metal. 


Charging the Furnace.—In preparing this alloy, 
the usual procedure is to charge the copper- 
base metal into a properly preheated furnace 
(2050? to 2300? F). After the copper becomes 
molten, the alloying materials are incorporated. 
These materials are normally added in the 
form of a hardener containing 70 percent alumi- 
num and 30 percent constituents. The required 
amounts of hardener must be thoroughly stirred 
into the bath. If this is not done the light alumi- 
num will not distribute properly in the mixture. 
Stir the bath cautiously with a bottom-to-top 
motion. Aluminum bronze is very susceptible to 
oxidation. Avoid severe agitation while stirring 
as this will result in a loss of aluminum con- 
tent which may affect physical properties. 


Melting the Charge.—The melting process 
should be accomplished as rapidly as possible. 
Although the pouring temperature has a wide 
range (2050? — 2300? F), pour the metal at the 
lowest temperature practicable in order to pre- 
vent excessive oxidation and gas absorption. 
Overheating or holding the alloy in the furnace 
after it is ready to be tapped should be avoided. 
The superheat temperature should be 50° to 
100? F above the pouring temperature to allow 
for heat loss for degassing (if required) and pour- 
ing operation. The exact pouringtemperature will 
vary with the size and shape of the casting in 
question. In common with other melting practices, 
pyrometric control is highly desirable inthe pro- 
duction of aluminum bronze. 


Bearing Bronze 


Bearing bronze is a HIGH LEADED TIN 
BRONZE containing basic alloys of copper, tin, 
and lead. High leaded tin bronze contains lead 
in excess of 6 percent. Tin bronze with over 
0.5 percent and including up to 6 percent lead 
is considered as a LEADED TIN BRONZE and 
is not a bearing bronze. Class 2 bearing bronze 
contains 82 to 85 percent copper, 7 to 9 per- 
cent tin, "7 to 9 percent lead, and others 
(maximum): 0.75 zinc, 0.15 iron, 1.0 nickel, 
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0.50 phosphorus, and 0.50 antimony. In de- 

termining the minimum amount of copper, cop- 
per may be calculated as copper plus nickel. 
Compositions for classes 1, 3, 4, 5, 6, and 7 
are contained in the Foundry Manual, NavShips 
250-0334. These alloys may be melted in any 
equipment suitable for other copper-base alloys. 


Charging the Furnace.—Charge the furnace as 
described for tin bronze. Virgin metals and 
alloyed metals are used successfully in melting 
bearing bronze. However, préalloyed ingots and 
bearing bronze scrap of the same composition 
are recommended. The purpose of the pre- 
alloyed ingots and bearing bronze scrap is to 
enable you to obtain a rapid melting procedure 
with close control of the composition and physi- 
cal properties. 

The most likely method for contaminating 
bearing bronze is through scrap gates and risers. 
Even the smallest piece of unidentified metal 
can be harmful. Any metal containing silicon 
or aluminum may be cause for casting rejection. 
Of these, silicon is classified as the most harm- 
ful impurity. 


Melting the Charge.— The procedure for melt- 
ing bearing bronze is the same as for tin bronze. 
Maintain a slightly oxidizing atmosphere in contact 
with the metal during melting. When melting 
bearing bronze in an oil-fired furnace, perform 
a zinc test to aid in determining if the atmos- 
phere is reducing or oxidizing. In order to per- 
form a zinc test, place a small clean, cold 
piece of virgin zinc in the flame for about 
five seconds. If the zinc turns black, the atmos- 
phere is highly reducing; if the zinc turns 
straw color to light gray, the atmosphere is 
slightly reducing; if the zinc does not change 
color, the atmosphere is oxidizing. Since this 
test is so simple, it can be performed many 
times at random during the melting procedure. 

Bearing bronze alloys that contain 15 to 30 
percent lead have a tendency to bleed or sweat 
and show poor distribution. Any excess gas 
absorption during the melting procedure will com- 
pound this tendency. 

The melting of the bearing bronze adlopys 
actually starts at the melting point of tead. 
Therefore, during melting, it is essential to 
ensure complete solution of the lead in the 
copper. In order to ensure complete solution, 
the alloys must be heated to a high temper- 
ature of 2200? to 2375? F, then cooled to the 
tapping temperature. In general, as the tin 
content of the bearing bronze alloy increases, 
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the temperature prior to pouring is also in- 
creased. NOTE: This is not the pouringtemper- 
ature of the metal. 


Deoxidation.—For deoxidation, follow the pro- 
cedure for tin bronze. It is recommended that 
sufficient time for reaction be allowed after add- 
ing phosphor copper. 

The pouring temperature range for bearing 
bronze is 1850? to 2200? F. No definite pouring 
temperature can be given since this depends 
on the size and shape of the casting. For quick 
solidification, it is desirable to pour bearing 
bronze at the lowest possible temperature. 


Melting Procedures (General) 


The copper-base alloy melting procedures we 
have discussed do not cover the whole ofthe cast- 
ing materials produced in commercial brass 
foundries. They do, however, cover the copper- 
brass alloys normally produced by Navy Molders. 
If you have occasion to produce another alloy of 
this class, determine the subclass to which it 
belongs on the basis of its chemical composition 
and use the melting procedure for that subclass. 
Not all alloys can be neatly categorized this way 
but the majority can. Some, like silicon-bronze 
(1 to 5% Si, 3 to 5% Zn, 1.5% Mn (max), 2.5% Fe 
(max), 2% Sn(max)) are melted much like alumi- 
num bronze. With this alloy, however, it is es- 
sential to pour the metal as soon as it reaches 
the pouring temperature. It should not be held 
in the furnace after it is ready to pour. 


NICKEL-BASE ALLOYS 


Various grades and classes of Monel are 
among the most commonly used nickel-base 
alloys. Monel metals are alloys of nickel and 
copper, with small amounts of other alloying 
elements. Monel, modified S-Monel, K-Monel, and 
other Monel metals have wide use because of their 
excellent strength and resistance to corrosion 
even at high temperatures. Modified S-Monel has 
a high degree of resistance to galling and seizing; 
it retains its hardness up to 1000? F and is useful 
for parts where there is poor lubrication. For 
compositions and applications of different grades 
(or classes) of Monel, refer to the Foundry 
Manual, NavShips 250-0334. 

Nickel-base alloys can be melted in indirect- 
arc furnaces, resistance furnaces, and induction 
furnaces. Relatively high temperatures are 
involved in the production of nickel-base 
alloys; therefore, oil-fired equipment is not 


recommended for melting Monel. In addition, 
oil-fired furnaces may damage the alloys because 
of the sulfur content of the fuel or the pos- 
sibility of producing a reducing atmosphere. 


Charging the Furnace 


The charge for Monel is made up from Monel 
block and remelt scrap in the form of gates and 
risers. The remelt scrap should be free of all 
Sand and foreign materials. Sandblasting may be 
required in order to remove the adhering sand 
from remelt scrap. Machine-shop borings and 
turnings should not be used. Sulfurized oils 
used for machine lubrication cannot be removed 
satisfactorily and are likely to cause contamin- 
ation of the melt. Up to 40 percent remelt scrap 
is used in normal operation, but as much as 
50 percent can be used. 

In charging the furnace, remember that the 
carbon content of Monel and modified S-Monel 
must be kept low. Carbon in excess of the very 
small amounts that these alloys can tolerate will 
be precipitated as free graphite and cause inter- 
crystalline brittleness. Sulfur causes hot short- 
ness in nickel-base alloys and makes them 
susceptible to hot tearing. Lead in modified S- 
Monel is an impurity and should be avoided. Lead 
in the presence of silicon causes a coarse 
grain structure and cracking. 


Melting the Charge 


The procedures for all types of equipment 
are the same as far as the actual melt down 
is concerned. The nickel-base alloys are sensi- 
tive to the proper pouring temperature. The sur- 
face appearance to the melt is deceptive 
when trying to judge temperature. Usually the 
metal is much hotter than it appears. When the 
metal appears to be hot enough, a sample is 
taken out with a test spoon andthe slag thoroughly 
cleaned off the sample with a stick. If from 30 
to 45 seconds are required for the metal to skin 
over, it is hot enough to pour. Alloying addi- 
tions are incorporated into the bath as soon as 
a satisfactory test sample has been obtained. 
If aluminum addition is necessary, as in the 
case of K-Monel, it should be added immediately 
before or after tapping and it should be added 
in such a way that the aluminum can be held 
in the molten metal until melted. Usually this 
is done by attaching the aluminum to a rod and 
plunging it to the bottom of the bath of metal, 
thus promoting rapid diffusion throughout the 
mass. 
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Nickel-base alloys require a degasifier. If all 
new materials are used to make up the charge, 
copper oxides should be introduced in proportions 
of 2 to 3 ounces per 100 pounds of metal. On 
the other hand, if scrap is used a 0.5 percent 
metallic manganese and 0.2 percent silicon addi- 
tion is made, 


Oxidation 


Nickel-base alloys are deoxidized in the ladle 
with 11/2-ounces mangesium per 100 pounds of 
metal. Using an alloy steel rod, or a rod made 
of high temperature refractory, with an inverted 
cone on one end, plunge the magnesium to the 
bottom of the bath. If this is not done it will 
burn on the Surface and its effect will be lost. 
The metal must be poured immediately after 
the magnesium treatment. Depending on the 
sectional thickness of the casting, the pouring 
temperature ranges from 2700? to 2850? F. 
Superheat exceeding 75^ F beyond the pouring 
temperature before tapping should be avoided. 
Temperature determination should be made with 
an optical pyrometer. 


ALUMINUM-BASE ALLOYS 


The two principal aluminum alloys used for 
making castings for shipboard use are the 
aluminum-silicon alloys and the aluminum-copper 
alloys. Of the two principal aluminum alloys, 
class 2 aluminum-silicon alloy is the most com- 
monly used. Class.2 aluminum-silicon alloy con- 


tains 4.5 to 6 percent silicon and mere traces of 


other elements;. the remainder is aluminum. 
Class 4 aluminum-copper alloy contains 4 to 5 per- 
cent copper, 1.5 percent silicon, and traces of 
other elements; the remainder is aluminum. 

The aluminum-silicon alloys have very good 
casting properties. The fluidity (castability) in- 
creases as the silicon is increased. The tendency 
of hot tearing is reduced by the silicon additions. 
These alloys are well suited for castings which 
must be pressure tight. Corrosion resistance is 
very good. _ | 

In aluminum-copper alloys, the addition of 
copper to aluminum increases its strength and 
hardness. These are the mainadvantages of the 
aluminum-copper alloys. Class 4 requires heat- 
treatment. These alloys are susceptible to hot 
tearing and they have a relatively low resistance 
to corrosion, The machinability of the aluminum- 
copper alloys 1s good. Specific composition of each 
class (1 through 9) of aluminum-base alloy is 
given in the Foundry Manual, NavShip 250-0334. 


Aluminum and its alloys may be produced, if 
necessary, in any ofthe furnaces commonly avail- 
able in Navy foundries. However, most satis- 
factory results are obtained when melting is ac- 
complished in crucible units or iron pot furnaces. 
Direct flame units are the least desirable for this 
purpose due to excessive gas absorption and 
metal loss by oxidation. 

Aluminum alloys can be melted in graphite or 
silicon carbide crucibles. The crucibles must be 
kept clean to avoid contamination. When iron 
pots are used for melting, they require a re- 
fractory wash to prevent pickup of iron by the 
aluminum. A coating for iron pots can be made 
from seven pounds of whiting mixed with one 
gallon of water. A small amount of sodium sili- 
cate may be added to provide a better bond. The 
pot should be heated to a temperature slightly 
above the boiling point of water and the wash 
applied. 


Charging the Furnace 


In charging the furnace, it must be remember- 
ed that magnesium contamination must be avoid- 
ed in aluminum-copper alloys. Iron or magnesium 
are impurities and must be avoided in aluminum- 
silicon alloys. The contaminating elements result 
in embrittlement and loweringof physical proper- 
ties. Proper scrap segregation is the only way of 
preventing contamination from harmful elements. 
Charges for aluminum heat should be made of 
ingot material and foundry remelts. Machine shop 
turnings and borings should not be used because 
it is difficult to remove oil from borings and 
chips. In addition, the large surface area of the 
chips causes high oxidation losses. However, if 
borings and chips are used, they should be 
thoroughly cleaned, melted down, and poured into 


 ingots. These ingots can be used for scrap remelt 


charges. This procedure will reduce the gas con- 
tent of the material and eliminate the large amount 
of dross which otherwise would result from direct 
use of the borings and chips. Whenever the charge 
is made up of a portion of scrap, it should be 
charged in the preheated furnace first. A solid 
flux is frequently added to a solid charge. When 


the metal melts, the flux (usually ‘‘ Foseco Cover- 


al") floats to the top of the bath and helps pro- 
tect the bath surface from excessive oxidation and 


gas absorption. Since small pieces of aluminum 


scrap. will melt down faster than large ingots, 
melting the scrap material first permits shorter 
melting time. This procedure provides a heel of 
molten metal for the aluminum or alloy ingot. 
In an oil-fired furnace, the charge should not 
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extend. above the top of the crucible. Such charg- 
ing practice will result in high oxidation losses 
and severe drossing. It is better to melt down 
a partially filled crucible and then charge the 
remainder of the metal. Overloading the furnace 
must be avoided. À furnace rated for 500 pounds 
bronze, for example, will handle only 200 pounds 
of aluminum satisfactorily. In charging an iron 
pot furnace, care should be exercised in order 
to prevent chipping the white wash refractory; 
a clipped refractory may expose the aluminum 
to iron. 

Various aluminum alloys are currently pro- 
duced. Most of them are available commercially 
for foundry use as pre-alloyed ingots. The use 
of these materials simplifies production and 
helps to eliminate irregularities in alloying 
practices. 


Melting the Charge 


When melting aluminum in an oil-fired fur- 
nace, the furnace atmosphere should be slightly 
oxidizing to prevent excessive absorption of gases 
by the melt. Hydrogen is the gas most harmful 
to aluminum. Hydrogen is dissolved by the 
aluminum and produces gas defects if it is not 
removed or permittedto escape. Oxygen combines 
with aluminum to form the familiar dross which 
is easily removed. 

A severely oxidizing atmosphere should be 
avoided. This reduces pot and crucible life. It 
also results in the formation of oxides which 
may eventually get into the casting and cause 
a harmful effect on physical properties. 

Melting and holding temperatures must be at 
a minimum to prevent the formation of oxide and 
absorption of gas. Alloys which must have been 
overheated will show a courser, more open grain 
structure than those which have been properly 
melted. Alloys held in the molten state for a long 
time before pouring posses a similar coarse 
grain structure. A melt of aluminum alloy that 
is overheated is usually permanently damaged. 
Merely cooling the metal back to the proper temp- 
erature will not correct the damage. 

Melting practice in the high-frequency in- 
duction furnace is essentially the same as that 
described for the oil-flred furnace, except that 
coveral flux is not used. For melting down alumi- 
num, sufficient power is obtainable with the tap 
switches in positions 1 and 4. (See Molder 3 & 2, 
NavPers 10584-B.) Temperature control is much 
easier with an induction furnace because the 
temperature will rise only slightly after the 
power has been shut off, 


In an oil-fired furnace, when the scrap or 
the original charge is melted, the balance of the 
ingot material is added to the bath. Additional 
Foseco Coveral flux is generally added after 
the entire charge becomes molten. As a rule, 
aluminum alloys are produced from pre-alloyed 
ingots. If it is necessary to produce aluminum 
alloys from new virgin aluminum, the follow- 
ing suggested procedure may be applied. Virgin 
aluminum is melted down first to a temperature 
of approximately 1290° F. Then the master 
alloy addition is made gradually. Pieces should 
be small enough to permit solution without al- 
lowing the aluminum bath to freeze. After the 
additions are in solution, stir the bath thoroughly. 

Agitation of the molten metal increases oxide 
formation and gas absorption. Continual skim- 
ming increases the total oxide loss, since each 
time the protective oxide coating is removed, a 
new one forms. Keep agitation and skimming 
to a minimum. If the metal is stirred, this 
should be done quickly from the bottom upward; 
take care to disturb the surface as little as pos- 
sible. Skimming should be done just before the 
metal is taken from the furnace and then again 
just prior to pouring. 


Degassing 


Aluminum should be degassed with dry nitro- 
gen. Chlorine, either solid or gaseous, should 
not be used in shipboard foundries. Chlorine is 
a toxic gas, therefore, presenting a health haz- 
ard. In degassing with dry nitrogen, a carbon 
or graphite pipe is connected to the tank of com- 
pressed gas with a suitable rubber hose. When 
the temperature of the metal is about 1250° F 
(some commercial manufacturers state that de- 
gassing below 1350° F is incomplete), the gas 
should be turned on and the preheated tube in- 
serted in the metal to the bottom of the crucible. 
The flow of gas should be adjusted to produce a 
gentle roll on the surface of the metal. Fluxing 
time should be from 10 to 15 minutes for a 100- 
pound heat. The temperature of the metal should 
never be allowed to go over 1450° F. 

A second method of degassing aluminum is 
the use of Foseco degasser. As soon as the bath 
temperature reaches within a range specified by 
the manufacturer, push the dross aside and 
plunge the degasser (4 ounces per 100 pounds 
metal) into the bath. In adding the degasser, 
keep the plunger approximately 1 inch from the 
bottom of the pot. Rotate the plunger slowly for 
2 or 3 minutes while the bubbling proceeds. This 
bubbling action serves to physically purge the 


197 


MOLDER 1 & C 





bath of objectionable gases in solution within 
the aluminum. As soon as bubbling stops, stir 
the melt gently so that oxide can either come to 
the surface or sink to the bottom. Avoid scraping 
the sides. When the temperature of the bath 
reaches 1320? to 1340? F, shut down the furnace. 
The heat of the pot will allow the melt to reach the 
desired tapping temperature, This provides atime 
lag for the aluminum oxides, which have a specific 
gravity approaching that of aluminum, to either 
float to the top or sink to the bottom of the pot. 
After fluxing operation (degassing), the surface 
of the melt should be skimmed and the metal 
poured. 


Pouring 


The pouringtemperature and method of pouring 
determine whether a properly melted heat and a 
properly made mold will produce a good casting. 
Aluminum and its alloys should be poured at as 
low & temperature as possible without causing 
misruns, For any given alloy, the pouring temper- 
ature will determine whether a casting will have a 
fine grain structure and good properties or a 
coarse grain structure and poor properties. A 
high pouring temperature will tend to give a large 
grain size and a low pouring temperature will 
tend to give a small grain size. The pouring 
temperature will vary within the range of 1250°to 
1450° F, depending on the alloy and section size 
of the casting. If a casting poured at 1450° F mis- 
runs, the gating should be revised to allow faster 
pouring. 


FERROUS ALLOYS 


While ferrous alloys are less frequently 
melted and poured that the nonferrous metals, 
knowledge and skill in the use of iron and steel 
melting procedures are important. Not all Navy 
foundries, however, are equipped for producing 
ferrous castings. Some are limited to brasses, 
bronzes, and low-melting-point materials. Oth- 
ers can produce cast iron in an emergency but 
not as a normal operating procedure. Still oth- 
ers, however, have the facilities for producing 
any kind of casting likely to be required within 
the limits of their capacity. 

As a rule, oil- or gas-fired crucible furnaces 
are suitable for the production of cast iron only 
in an emergency. Detroit electric rocking fur- 
naces are capable of melting the ferrous 
metals normally required. For the production 
of steel, the induction furnace provides the 
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most satisfactory melting equipment. In gen- 
eral, whether the material to be melted is fer- 
rous or nonferrous, furnace operation as well as 
the overall melting procedure is much the same. 
Since the temperatures involved in ferrous alloy 
melting are relatively high, and in many cases 
near the flow point of the refractory lining 
material, the furnace operator must be in com- 
plete control of the situation. 


CAST IRON 


Cast iron is predominantly an alloy of iron 
and carbon in which the iron contains so much 
carbon that the metal is not malleable at any 
temperature in the cast condition. Total carbon 
content in cast iron ranges from 1.7 to 4.5 per- 


cent. Navy grades; however, usually range from 


2.6 to 3.35 percent carbon depending upon the 
casting’s purpose. About 0.60 to 0.75 percent 
of this is combined carbon, the remainder being 
graphite. In addition to.carbon, there is an im- 
portant percentage of silicon (1.25 to 2.2 per- 
cent) and for special purposes copper, nickel, 
or chromium. About 0.80 percent manganese is 
also present in Navy-grades of cast iron. 

Many cast irons are inoculated with ferrosil- 
icon, ferromanganese, ferronickel, or graphite. 
Inoculation is a process in which an addition is 
made to molten cast iron for the purpose of 
altering or modifying the size, shape, and amount 
of the graphite particles in the iron, thereby 
controling the mechanical and physical prop- 
erties to a degree not obtainable by simple 
melting and pouring. 


Charging the Furnace 


In common with the melting of other metals, 
the procedure for cast iron requires that the 
furnace be preheated to the pouring tempera- 
ture of the metal. As soon as this temperature 
is attained, the previously calculated and as- 
sembled material for the heat is charged into 
the furnace without delay. (See Molder 3 & 2, 
NavPers 10584-B for a discussion offoundry ma- 
terials and charge calculation procedures.) 

Foundry returns and remelt material are 
charged first with unusually heavy pieces placed 
on the bottom. Borings are usually charged 
next so they can filter into voids between larger 
pieces. The charges should be as compact as 
circumstances permit. When these materials 
are in, charge any alloying additions of nickel, 
chromium, molybdenum, and vanadium but not 
ferrosilicon or ferromanganese. These latter 
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materials are not incorporated until the bath is 
molten and just prior to tapping. In the elec- 
tric rocking furnace, pig iron, and then struc- 
tural steel scrap is placed on the top ofthe 
charge near the heating elements. This proce- 
dure is not necessary when charging an induc- 
tion furnace. Here the essential point is that 
the material is so charged that scrap is free to 
slide down into the bath. 


Melting the Charge 


Throughout the melting cycle observe the 
charge periodically to determine the progress 
of melting. When using an induction furnace, 
the melter must be on the lookout for evidence 
of bridging; with the rocking furnace, he must 
be alert to increase the rocking angle as stead- 
ily as the molten pool of metal permits. In any 
furnace, the cast iron charge is melted as 
rapidly as possible in a slightly oxidizing 
atmosphere. 

Other than being on the lookout for bridging, 
determining the proper time to make final addi- 
tions, deciding when the heat is ready to be 
tapped, and exercising normal vigilance, the 
melting procedure in the induction furnace re- 
quires no special practices. This is not the 
case with electric rocking furnaces. Here the 
operator must also be on the lookout for an 
accumulation of slag. Slag is most objectionable. 
First, it insulates the charge from the heat 
source, making it impossible to superheat the 
bath. Second, it reflects an abnormal amount 
of heat to the refractories above the slag. This 
may cause the lining to melt and form more 
slag. If the condition continues, the lining can 
be quickly burned out. 

When melting with electric rocking furnaces, 
the operator must be constantly alert to detect 
the formation of slag. When this occurs, shut 
down the furnace, remove the door, and spread 
clean dry silica sand over the slag to thicken it. 
Then pull the slag out of the furnace and re- 
sume operations. 

When the entire charge is completely melted, 
the ferromanganese and ferrosilicon inoculants 
are added to the charge. The proper time to do 
this may be determined by feeling through the 
bath with a soft iron rod (1/2-inch diameter). If 
no solid pieces are present, and if the tip of the 
rod sparkles when withdrawn from the bath 
(temperature will be about 2700° F) it is time to 
add the ferroalloys. (With rocking furnaces, 
make these final additions through the spout.) 
Then superheat the bath to the desired tapping 
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temperature. This temperature should be at- 
tained from 3 to 5 minutes after the manganese 
and silicon additions. A test similar to that 
described to determine the suitability of the 
bath for incorporating finals may be used to 
determine tapping temperature. When the rod 
tip melts, leaving a sharp point after a 15- to 
20-second immersion, the heat is 2800° F or 
higher and should be tapped as soon as possible. 
The presence of a bubbling action is another 
indication that a bath temperature of approxi- 
mately 2800° F has been reached. 


Fracture Test.—Prior to tapping a cast iron 
heat, pour a test bar inachill mold. After cooling 
and fracturing the bar, observe the broken sur- 
faces to determine if the ‘‘mix’’ is satisfactory. 
If depth of chill is too deep, the most rapid and 
satisfactory correction can be made by adding fer- 
rosilicon to the melt. Graphite additions will also 
serve the same purpose, but graphite is usually 
difficult to put into solution. If the chill depth is 
too shallow, the carbon content and silicon con- 
tent of the iron are probably too high. These ele- 
ments cannot be readily removed from the iron 
but they can be reduced by dilution if steel is 
added to the melt. Another method to increase 
the chill depth is to add up to 1 percent chro- 
mium or. molybdenum. If a totally white iron is 
desired, up to 4 percent chromium or nickel can 
be added to the melt. 


The effective use of the fracture test requires 
experience in order to judge the relationship 
between depth of chill and the carbon-silicon 
ratio of any heat as it applies to the controlling 
section thickness of the casting to be poured. 
However, the operator can build up some back- 
ground by correlating the fracture tests with 
the machinability of the castings, and by making 
some hardness determinations. 


Tapping the Furnace 


Iron produced in electric furnaces must be 
tapped as soon as possible after it attains the 
tapping temperature. This is necessary since 
iron tends to refine (dissolve graphite nuclei) 
in these furnaces on holding at temperature or 
on superheating. This refinement causes a con- 
stant increase in hardness of the castings, 
tends to increase shrinkage, and increases 
strength; therefore the heat should be removed 
from the furnace just as soon as possible. 

During the tapping operation, the furnace is 
operated at reduced power input. The object 
here is to maintain a constant bath temperature 
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throughout the tapping period. If the entire heat 
is poured into one ladle, the ferrosilicon and 
ferromanganese inoculants may be added in the 
ladle rather than in the furnace itself. If the 
heat is to be tapped into several pouring ladles, 
ladle inoculation may cause nonuniformity of 
composition since the weight of the metal tapped 
can only be approximated. This nonconformity, 
however, is not as harmful with gray iron as 
with other metals. In any event, there should 
be no delay once the tapping temperature is 
attained. Excess hold time at high tempera- 
tures serves only to increase the probability of 
producing a defective casting. 


STEEL 


Cast steel is a steel with varying amounts 
of carbon, manganese, silicon, phosphorus, and 
sulphur. Small amounts of phosphorus and sul- 
phur are present as impurities. In addition, added 
amounts of other elements may or may not be 
added intentionally. Steel generally used aboard 
ships can be divided into three general classes: 
(1) unalloyed cast steels, (2) low-alloyed cast 
steels, and (3) high-alloyed cast steels. 

Unalloyed cast steelis a carbon steel some- 
times referred to as plain carbon steel in which 
carbon is the principal alloying element. Car- 
bon steelcastings also contain manganese, silicon, 
and strong deoxidizers such as aluminum and 
titanium. Aluminum and titanium are added only 
in sufficient amounts to ensure deoxidation, Man- 
ganese is used to prevent the hot-short effect of 
sulfur. Unalloyed carbon steel then can be de- 
fined as a steel that contains only those elements 
that are usually present in steel in proportions no 
greater than customary. The normal ranges of 
maximum elements found in unalloyed carbon- 
steel casting are as follows: 


Element 

Carbon ..... , 0.05 to about 1.70 
Manganese . . . . 0.50 to 1.00 
Silicon ..... . 0.20 to 0.75 
Phosphorus. .. . 0.05 maximum 
Sulfur . . ... . 0.06 maximum 
Aluminum. . . . . 0.00 to 0.10 


Unalloyed cast steels can be further sub- 
divided into low-, medium-, and high-carbon 
steels. Low-carbon, unalloyed cast steelcontains 
less than 0.20 percent carbon; medium-carbon, 
unalloyed cast steel contains from 0.20 to 0.50 
percent carbon; and the high-carbon, unalloyed 
cast steel has more than 0.50 percent carbon. 


Of all the unalloyed carbon steels, Grade B 
medium-carbon steel is the most commonly used. 
It has medium tensile strength and is easily 
machined. Grade B steel is used as a general 
purpose steel wherever cast steel is required or 
permitted, particularly where resistance to vi- 
bration or shock is necessary. However, Grade 
B steel castings are not satisfactory for temper- 
atures exceeding 650? F. Typical applications for 
Grade B steel castings are bedplates for motors, 
turbine casings, drums for hoists, foundations, 
pipe fittings, struts for shafting, and safety valves. 

Low-alloyed steels contain either unusually 
large amounts of the common elements or fairly 
large amounts of special elements. The total 
content of special materials added to make low- 
alloy steels is usually less than 8 percent. These 
changes from the composition of plain carbon 
steel are made to obtain special properties 
(usually for higher strength). In the low-alloy 
Steels, manganese may be used up to 3.00 per- 
cent, silicon up to 2.75 percent, and varying 
amounts of copper, nickel  molybdenum, and 
chromium. 

High-alloyed steel contains 8 percent or more 
special alloying elements. Steels in this class 
are used where high resistance to chemical 
or salt-water corrosion or good strength at 
high temperatures is necessary. A typical 
corrosion-resistant steel has a low carbon con- 
tent and additions of 18 percent chromium and 
8 percent nickel. This steel is commonly called 
18-8 stainless steel. The alloying elements are 
added to obtain particular properties which vary 
with the element added, the amount of the ele- 
ment, and combinations of several elements. 
For specifications, chemical compositions, and 
applications of various steels, refer to the 
Foundry Manual, NavShips 250-0334. 

The melting practices for the unalloyed and 
alloyed steels are essentially the same. The 
method of calculating the charge for the compo- 
sition of steel is exactly the same as that used 
for cast iron (see Molder 3 & 2, NavPers 
10584-B). Steel is most satisfactorily produced 
in the induction furnace. Steels can be melted 
in indirect-arc and resistor furnaces, however, 
the heats of steel should be limited to small 
heats of not more than 400 pounds for the LFC 
and NR-2 electric rocking furnaces and 500 pounds 
for the LFY electric rocking furnace. The rea- 
son for the small heats is to enable you to melt 
the steel and tap the furnace in an hour or less. 
Heavier charges of steel require longer melting 
periods and impose excessive punishment on 
the linings. Commercial installations intended 
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for steel productions are equipped with a water- 
Jacketed door frame in order to afford maxi- 
mum proteotion to the refraotory linings around 
the door opening. For shipboard use, it is de- 
sired to minimize the amount of water cooling, 
eliminating it wherever possible, because of 
attendant problems in using salt water cooling 
or the added expense of fresh water cooling. 

Steel melting in the electric rocking furn- 
aces is more difficult and uneconomical and re- 
quires the constant attention of the furnace 
operator. Since steel melting is more critical 
in electric rocking furnaces than in induction 
furnaces, we will first discuss the procedure 
in the indirect-arc and resistor units. 


Making Steel in Electric 
Rocking Furnaces 


When melting steel in the indirect-arc furn- 
ace, the electrode joints should be outside the 
barrel, port sleeves, and electrode clamps. 
In the resistor furnace, as well as the indirect- 
arc furnace, new electrodes should be used when 
melting steels, as any graphite entering the bath 
will increase the carbon content above the de- 
sired limit. If an electrode breaks and falls into 
the melt, it should be removed immediately. 


Charging the Furnace.—After the furnace has 
been properly preheated, the shell should be 
rotated until it is 45° down either front or rear 
from the top center position. The charging 
position should be varied from time to time to 
prevent excessive wear on one section of the 
lining. The electrodes should be moved back un- 
til they are flush with the furnace wall to pre- 
vent damage during the charging period. 

ihe charge should be made of carefully se- 
lected structural steel scrap of uniform size. 
Scrap having a light coating of rust is highly 
desirable. Rust, of course, affects the compo- 
sition of the scrap. If rusting has progressed 
sufficiently, it will initially reduce the silicon, 
then the manganese, and finally, the carbon. 
Charging with heavy pieces should be avoided 
when possible because they prolong the melt- 
ing time; when used, heavy pieces should be 
charged first. Foundry returns (gates, risers, 
and old castings) should be charged next and 
should be free of sand. An excessive amount 
of sand will cause a slag blanket to form on the 
surface of the molten metal during the melting 
cycle. This insulates the bath from the heat 
generated by the electrodes and makes it dif- 
ficult to reach or determine the desired tapping 


temperature. Steel borings should be added 
after the returns. They will filter down through 
the scrap making the charge more compact. 
Structural steel scrap should be charged last 
(on top), Alloys of nickel and molybdenum may 
be added to the cold charge. Alloys that oxidize 
rapidly such as chromium, manganese, and 
silicon, are added just before tapping. In the 
indirect-arc furnace, any small pieces of alloys 
should be charged so that they are not near 
the arc. This wil] prevent losses due to '*blowing- 
out?’ by the arc. 


Melting the Charge.—A rapidly melted heat, 
tapped promptly, is foolproof metallurgically. 
Throughout the melting procedure, observe the 
physical condition of the charge. Note the begin- 
ning of slag formation toward the end of the 
heat. This indicates that necessary superheating 
and tapping temperatures are approaching and 
that the metal must be watched very closely 
from this time on. Toward the end of the heat, 
look for the last remaining unmelted slug of 
metal, During the early part of the heat, most 
of the charge has become welded together. This 
assumes the form of a solid slug of metal 
after a pool has begun to form and it is not 
until almost the very end of the heat that the 
last bit of metal becomes fluid. 

There are two distinct methods for making 
steel in the indirect-arc furnace. One is the 
dead-melting method and the other 1s the boiling 
method. The dead-melting method is used for 
the resistor furnace. The boiling method more 
nearly approaches the methods developed for com- 
mercial steel melting and is the recommended 
method in the indirect-arc furnace. Up to the 
time the charge is completely melted, the pro- 
cedure is the same for both methods. 


Dead-Melting Method.—In the dead-melting 
method, additions of ferromanganese and fer- 
rosilicon are made as soon as the last piece 
of steel melts. These additions are made with- 
out breaking the arc or changing the rocking 
motion of the barrel. The additives must be 
small enough to charge through the spout without 
difficulty. When these additions have been made, 
the heat is almost at temperature, and prepa- 
rations should be made for tapping shortly there- 
after (approximately 5 minutes). Watch the bath 
carefully during this stage as the temperature 
of the molten metal is approaching the fusion 
point of the lining. If the lining shows any indica- 
tion of ''running," or an excessive slag blanket 
forms on the surface of the bath, tap the heat 
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immediately. When using this method of melting 
steel, porosity and low impact resistance are 
quite common defects caused by gases present 
in the charge which are absorbed during melting. 


Boiling Method.—When using the boiling 
method for making steel in this unit, as soon as 
the charge is completely molten, 2 percent of 
iron ore is added to the charge which has pre- 
viously been calculated to melt down at 0.25 per- 
cent carbon. As soon as the ore melts, the fol- 
lowing reactions occur: First of all, the silicon 
starts to oxidize out. When this reaction has 
nicely started, the manganese begins to oxidize, 
followed by the carbon. It is the reaction of car- 
bon monoxide that causes the steel to boil 
through the formation of carbon monoxide. By 
forming bubbles in the bath into which hydrogen 
and nitrogen pass, the carbon monoxide cleanses 
the steel of these gases. The carbon monoxide 
formed in the steel burns to carbon dioxide at 
the furnace door. As soon as the reaction sub- 
sides, which can be determined by the force and 
brilliance of the flame at the furnace door, the 
furnace is rolled so that all excess slag is 
drained off. At the time the ore is added the 
power is reduced approximately one-third and 
kept reduced during the balance of the heat. 
When all the excess slag has been removed, make 
the ferrosilicon and ferromanganese additions and 
tap the heat within two or three minutes. Making 
steel in this manner results in sound castings 
with good ductility. Handling the slag, however, 
is a greater problem than with the dead-melting 
method. 

The ore addition may be reduced to 1 percent 
if very rusty scrap is used, though this should 
be avoided except in cases of extreme emer- 
gency. Larger additions of ferromanganese will 
have to be made because of the oxidized condi- 
tion of the bath. About 1.20 percent manganese 
should be added. After making several heats of 
steel by this method, the experienced operator 
Should have no great difficulty in controlling 
composition. 


Deoxidation.— The tapping temperature is 
preferably between 3000° and 3100° F. Optical 
pyrometer readings should be made with a cali- 
brated instrument and recorded on a suitable 
form together with other pertinent operating 
data. 

Tap the metal into a well dried and preheated 
ladle. When the ladle is half full, add the nec- 
essary deoxidizers to ‘‘kill’*® the heat. Additions 
of calcium-silicon-manganese (Ca-Si-Mn) and 


aluminum give satisfactory results. Make cer- 
tain that the additions are effective and do not 
become entrained in the slag or an incompletely 
deoxidized or ‘‘wild’? heat will result. 


Making Steel in the Induction Furnace 


Steel melting in the induction furnace is much 
the same as that described for the indirect- 
arc furnace. The dead-melting method may be 
employed here too, but better results are more 
consistently obtained when the boiling method is 
employed. However, the full capacity of the furnace 
cannot be utilized if the boiling method is used. 


Charging the Furnace.—The compactness of 
the charge in the furnace has an important in- 
fluence on the speed of melting. The best charge 
is a cylindrical piece of metal slightly smaller 
in diameter than the furnace lining. This will 
draw very close to the full current capacity of 
the equipment. Two or three large pleces with 
considerable space between them will not draw 
maximum with current because the air space 
cannot be heated by induction. However, the charge 
should not be packed too tightly because the metal 
will expand when heated and may cause the cru- 
cible or lining to crack. 

It should be remembered that the control of 
sulfur and phosphorus content is important ina 
steel casting because an excess of either element 
harms strength and toughness of the castings. 
Sulfur should be kept below the upper limit 
stated in the specifications (0.06 percent). At 
this low level, manganese is able to combine 
with the sulfur and form manganese sulfide, 
which is not harmful to steel castings. An ex- 
cess of sulfur will result in ‘thot shortness,'' 
which is brittleness at high temperatures. Be- 
cause of high sulfur content, free machinings 
and screw stock should not be used inthe charge. 
An excess of phosphorus produces a similar 
effect, but the brittleness occurs at room temper- 
ature and is know as “‘cold shortness.’’ 

While any proportion of gates, risers, and 
other steel scrap may be used as a charge in 
the induction furnace, a mixture of 50 percent 
gates and risers and 50 percent of other steel 
scrap is quite satisfactory. Old castings, if used, 
should be considered as gates and risers. An 
original carbon content of 0.25 to 0.35 percent 
should be available and should be boiled to about 
0.08 percent carbon. A refractory cover should 
be provided for the induction furnace to prevent 
slopping metal on the sides of the furnace and 
on the deck. | 
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The charge is made by placing steel scrap 
(about 10 percent of the charge) on the furnace 
bottom. On top of this, iron ore (3 or 4 percent) 
is placed on the steel and the remainder of 
the plate scrap is added, followed by the gates 
and risers (remelt). 


Melting the Charge.—As the initial charge 
melts down and forms a pool of molten metal 
in the bottom, the charge will sink, and any re- 
maining charge material can be added to the 
molten metal at this time. Any material added 
to the molten metal should be dry. The charge 
should always be made in such a manner that 
the scrap is free to slide down into the bath. 
If at any time during the melt, the metal has 
& tendency to bridge or hang up, gently relieve 
this condition by the use of a steel bar. Severe 
poking of the charge must be avoided at all times 
because of danger of damaging the furnace lin- 
ing. Do not operate at full power for longer than 
4 to 5 minutes when a bridge exists because 
the molten metal below the bridge can be over- 
heated dangerously. 

Properly calibrated optical pyrometers should 
be used to measure temperatures of the molten 
bath during the melting operation. It is advis- 
able to take numerous temperature readings 
during the melting of the metal. The induction 
furnace produces a very rapidrate of energy input 
to the melt and this may result in overheating 
the metal. Power should be reduced as the desired 
temperature is approached and an attempt made 
to reach the final temperature gradually. 

Excessive superheating of steel can be a 
major contributing factor to casting defects. Ex- 
cessive superheating causes severe oxidation of 
the melt and the formation of iron oxide. Iron 
oxide can also combine with the molding sand 
and produce slag inclusions or cause a hard 
glassy surface of slag to adhere to the casting. 

As soon as melting is complete, and a tem- 
perature of about 3000? F attained, 11/2 to 
2 percent pig iron is added. Before being added, 
the pig iron should be placed on the top of the 
furnace for 4 or 5 minutes to warm and dry. 
When added, it is held under the surface of the 
bath with a steel rod. The addition of carbon, 
in the form of pig iron, produces a boil which 
serves to rid the steel of undesirable gases. 

The carbon in the pig iron should be con- 
sidered in calculating the charge. Nearly allof 
it will be lost during melting and in the boil. 
If 0.10 percent carbon is added, under proper 
conditions not more than 0.03 to 0.05 per- 
cent are recovered. 


After this boil has subsided, add the ferro- 
manganese first, to kill the heat; then add the 
ferrosilicon. When these are completely melted, 
tap the heat. This will give a cleaner steel than 
is possible when the FeSi is added first, or 
when both the FeSi and the FeMn are added to- 
gether. If the entire heat is to be taken out in 
one ladle, the power is shut off and allowed to 
remain off. However, if the heat is to be tapped 
into small ladles, the power is shut off as soon 
as the ferromanganese and ferrosilicon are 
melted. The slag comes to the surface of the 
metal where it can be skimmed off, and trouble 
is thus avoided during pouring. As soon as the 
slag is removed, the power is put on again and 
allowed to remain on during the pouring of the 
heat, which is accomplished as fast as possible. 

The final deoxidizers are added in the ladle 
when the whole heat is tapped at one time. ` 
When tapped into small ladles, the aluminum 
(2 ounces per 100 pounds) is best added in the 
furnace,with an extra addition to the small 
ladles. Two ounces of aluminum per 100 pounds 
of steel is the correct amount to add to small 
ladles in such cases. 

When melting corrosion resistant steel, iron 
ore is added to the charge, but because of the 
low carbon content allowed, it is not possible to 
add pig iron. The iron ore, however, helps to 
maintain an oxidizing condition during melting, 
which aids in preventing the absorption of gases 
such as hydrogen and nitrogen. In the event 
that chromium is a constituent of the alloy, 
deadmelting should be used. Oxidation will cause 
considerable chromium loss. Materials selected 
for producing corrosion resistant steel should 
be sand blasted and absolutely clean. 


NOTES ON POURING 


When the metal has attained the proper 
temperature, and all additives are in, the metal 
should be poured as soon as possible. Avoid 
undue delay in pouring by having all necessary 
equipment and molds ready. 

Pouring temperature depends on the alloy 
itself and on the sectional thickness of the 
casting. For that reason, recommended pouring 
temperatures are given in terms of ranges rather 
than specific values. The typical pouring ranges 
are given in Molder 3 & 2, NavPers 10584-B 
and may be used as a guide in selecting the 
proper pouring temperature. 

In addition to having different pouring tem- 
peratures, metals also differ in the way they 
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are poured into the mold. While pouring is a 
critical operation in the production of any cast- 
ing, it is more critical with some metals than 
- with others. 


In general, before tapping the furnace, thor- 
oughly dry the ladle by heating it to a red heat. 
Be sure that the ladle is positioned securely in 
the shank. During the tapping operation, avoid 
filling the ladle to its brim. This is an unwise 


practice from the standpoint of safety and for 


the production of good castings. 


If the ladle is filled to about three-quarters 
of its capacity, m»tal will not flow over the lip 
until the ladle is nclined to an angle approxi- 
mately 60° from the horizontal. This permits a 
good control of the stream, making it possible 
‘to keep the ladle quite low and thus keep the 
height of the metal low. This lessens mold 
erosion, entrapment of air, formation of oxides, 
and metal spills. 


Skim the metal carefully prior to pouring. If 
the slag is too fluid to be skimmed properly, 
dry silica sand may be spread across the sur- 
face of the molten metal to thicken it. Use dry 
metal rods, or special metal skimmers, for 
skimming or stirring metal. Using wooden 
skimmers, or stirrers, is definitely bad prac- 
tice for any metal, because wood contains 
moisture, which can and often doe: produce un- 
soundness in the casting. 


Fill the pouring basin quickly to prevent 
nonmetallics and slag from entering the mold 
cavity. To do this, the ladle stream must be 
controlled carefully. Once pouring has started, 
it should continue uninterruptedly until the mold 
is filled unless pouring through the sprue is 
stopped when the metal has reached the riser 
level, and the metal is then poured down the 
risers. 


Avoid skimming during pouring. If any slag 
is present, skimming is likely to cause some of 
it to break away and flow into the mold. The 
best method for preventing slag from entering 
the mold is to provide a pouring basin. By 
keeping the basin full of metal at all times dur- 
ing pouring, any slag that flows over the ladle 
lip will float on the metal in the cup. 


In pouring a metal that forms dross, every 
effort must be made to avoid turbulent entry of 
the metal into the mold. It is particularly im- 


portant, in such cases, that the lip of the pouring 
ladle be as close to the pouring basin as possi- 
ble. The sprue must be filled quickly and kept 
full in order that the tendency for dross and 
entrapped air to enter the mold will be at a min- 
imum, Skim gates, or strainer (perforated) 
cores, placed in the down gate or pouring cup 
are frequently used as an aid in preventing 
dross and entrapped air from entering the mold. 
These devices, however, can do more harm than 
good since they create a vertex suction or jet 
action which draws contaminants into the mold. 
Better results can be obtained with a down gate 
having a flat side which effectively prevents the 
vertex effect. 


Agitation of the molten metal while it is being 
transported to the mold also increases dross 
formation and gas absorption. This is particu- 
larly true in the case of aluminum and its alloys. 
If the metal must be stirred, it should be done 
as rapidly as possible, from the bottom upward, 
being careful not to disturb the surface more 
than necessary. Continual skimming of the metal 
increases the total oxide loss, since each time 
the protective oxide coating is removed, a new 
one forms, It is preferable to skim just prior 
to pouring. 


The procedure outlined in the preceding par- 
agraphs is suitable for cast iron, steel, alumi- 
num, tin-bronze, red brass, and copper-nickel. 


. Metals that are prone to drossing require spe- 


cial care. Manganese bronze, for example, 
drosses easily when it comes in contact with the 
atmosphere after skimming, and when agitated 
excessively during the pouring operation. There- 
fore, it is important that skimming and agitation 
be kept to an absolute minimum. First, the 
molten metal is poured slowly into the molds 
until it enters the riser, then poured faster into 
the riser. This is done to keep the metal in the 
riser fluid for a longer period and to allow the 
riser to feed the casting. Pouring into the riser 
is also done to provide hot metal for more effi- 
cient feeding. With yellow brass and metals 
whose drosses contain aluminum, the turbulent 
entry of the metal into the mold should be 
avoided. The lip of the pouring ladle should be 
as close to the pouring basin as possible. The 
down gate should be filled rapidly, so that entry 
of the dross and entrapped air will be ata 
minimum. Skim gates in most cases are a 
necessity. | 

The most desirable temperature to pour any 
casting is the lowest possible temperature a 
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which the metal is sufficiently fluid to fill the 
mold without cold shuts. Avoid overheating. 
Use as low a pouring temperature as practica- 
ble. Excessive heating of the metal causes dis- 
coloration, heavy loss of zinc, and an excess 
amount of dross. 

Close control of pouring temperatures is 
essential to the consistent production of good 
castings. Excessive pouring temperatures, i.e., 
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temperatures above those required for the proper 
filling of the mold, resulf in excessive oxide 
or dross formation, segregations, rough and 
dirty casting surfaces, unnecessarily high liquid 
shrinkage and increased danger of cavities, 
tears, and porosity. If the pouring temperatures 
are too low, entrapped gas and dross, and misrun 
castings or castings with surface laps (cold 
shuts) are likely to result. 


Chapter 11 
CONTROL OF SOLIDIFICATION 


Important variables in the production of 
sound castings are casting design, mold con- 
struction, melting practice, pouring tempera- 
ture, and the method of filling the mold and 
feeding the casting during solidification. Each 
ot these variables has been discussed to some 
extent, either in Molder 3 & 2, NavPers 10584-B, 
or in previous chapters of this volume. We 
have discussed the principles for obtaining di- 
rectional solidification and producing distortion 
free castings resulting from unequal metal con- 
traction in the solid state. Further, the impor- 
tance of molding materials and molding methods, 
as well as melting practices, have been pointed 
out. 

Although solidification and the design and 
function of gates and risers are presented in 
Molder 3 & 2, the present chapter will discuss 
these topics in greater detail, including the 
dendritic theory of solidification, the mechanism 
of shrinkage, the factors involved in the elimi- 
nation of shrinkage defects, and the control of 
directional solidification. Through the use of 
properly designed patterns and the application 
of suitable gates, risers, and chills, the foundry- 
man can consistently produce sound castings. 


FACTORS FOR CONSIDERATION 


In the solidification of any metal, factors of 
time, temperature, and the transfer of heat are 
involved. When molten metal leaves the furnace, 
it is a chemically homogeneous, liquid solution. 
The atóms constituting the mass are free to 
move rapidly to and fro in a random manner and 
possess no regularity of position. However, 
from the moment the metal leaves the furnace, 
it constantly gives off heat at a rate which 
varies with the existing conditions. For exam- 
ple, the rate of heat loss increases when the 
metal comes in contact with the mold. As the 
temperature of the molten metal decreases, 
atomic movement slows down and solidification 
begins, with some atoms arranging themselves 
into geometric patterns characteristic of the 
metal involved. Solidification does not take 
place at the same time throughout the mass of 


cooling metal. As the mold is filled, the molten 
metal adjacent to the mold surface cools rapidly 
and immediately begins to solidify, forming a 
solid skin-like shell on the outside of the cast- 
ing. This skin gradually thickens by drawing 
toward itself adjacent metal. Thus, solidifica- 
tion progresses inwardly from the mold wall 


toward the center of the casting. 
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The thickness of the skin formed initially, 
the rate at which solidification occurs, and the 
internal grain structure developed within the 
casting depend on a variety of factors including 
the alloy, the pouring temperature, heat trans- 
fer characteristics of the mold, and the design 
of the casting. A study of the cross section of 
a solidified casting indicates that three zones 
exist in which the grain structure of the metal 
differs. 

The first zone consists of the outer skin. 
This skin results from the rapid absorption of 
heat from the metal by the mold. Skin thick- 
ness varies. A low pouring temperature, a cold 
mold, and a casting having a small cross sec- 
tion, develop a relatively thick skin. On the 
other hand, a high pouring temperature and a 
hot mold develop a relatively thin skin. Within 
the skin, the metal has comparatively fine 
grains. | 

Next to and quite distinct from the skin is an 
intermediate zone of coarser columnar grains 
which lie at right angles to the mold wall. This 
intermediate zone blends into the interior third 
zone in the central portion of the casting where 
the grains are larger and haphazardly oriented. 
Just as the thickness of outer skins vary, so do 
the dimensions of the intermediate and interior 
zones. Usually there is a sharp line of demar- 
cation between the outer chilled and intermedi- 
ate columnar zones, but no distinct line divides 
the intermediate from the interior zone. The 
differences in grain structure in these zones 
result from different cooling and solidification 
rates in these parts of the casting. The rate of 
heat loss by the metal is considerably less 
where the metal is not in contact with the sand. 

The relation between the mass or volume of 
a section and the surface area in contact with 
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the mold influences cooling and solidification 
rates. As a rule, the solidification rate in- 
creases and the total time required for com- 
plete solidification decreases as the surface 
area for a given volume of metal increases. As 
you know, a sphere has the least amount of sur- 
face area for a given volume, while a rectangu- 
lar platelike solid represents the opposite 
extreme. To illustrate the effect that volume- 
surface area has on cooling and solidification 
rates, assume that we have two equal volumes 
of steel: a 6-inch diameter sphere and a plate 
1-25/64'" by 10-5/32" by 8". According to re- 
sults obtained by the Naval Research Labora- 
tory, the sphere requires approximately 4.8 
times as long to solidify as the plate. 

Assuming that metal is poured into molds 
having the same capacity to absorb heat, the 
relationship between volume and surface area 
and the solidification of a casting may be sum- 
marized as follows: 

1. Masses of molten metal having the same 
volume, surface area, and initial temperature 
solidify at the same time. 

2. Of two masses of metal having the same 
volume and surface area but different initial 
temperatures, the mass having the lower tem- 
perature solidifies first. 

3. Of two masses of metal having the same 
volume and initial temperature but different 
surface areas,the mass having the greater area 
per pound of weight solidifies first since it has 
a greater surface area to give off heat. 

4. Assuming equal surface area and initial 
temperature, but unequal volumes, the mass 
having the smaller volume solidifies first. 

Differences in volume and surface area alone 
are not as good an index of the relative solidi- 
fication rate as the ratio of the volume to the 
surface area (volume of casting/surface area of 
casting). Obviously, a thin section solidifies 
more rapidly than a thick section. Thus, if the 


casting embodies both thick and thin sections, 


the various parts pass through the solidification 
phase at different intervals of time. As a result 
one section may be expanding while the other is 
contracting, setting up strains in the casting. 
Immediately after solidification, metal is weak. 
The strain set up by expansion in one part and 
contraction in an adjacent part of the casting is 
frequently sufficient to crack the casting. 
Solidification does not occur instantaneously 
but is a function of time and temperature which 
varies with the metal or alloy. The time- 
temperature cooling curves in fig. 11-1 illus- 
trate the differences in the cooling of cast 
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Figure 11-1.— Typical time- 
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metals and alloys. As shown by curve A, pure 
metals like aluminum and alloys having a eutec- 
tic composition have a very narrow time- 
temperature solidification range. (A eutectic is 
an alloy having its percentage of elements in 
such proportions that the melting point is the 
lowest possible with that group of elements.) 
The curve at B shows that solid solution alloys 
like copper-nickel and steel (that is, alloys 
whose constituents dissolve in each other in the 
solid as well as the liquid state) solidify over a 
relatively long time span and a medium tem- 
perature range. Eutectic-type alloys whose 
constituents are present in proportions other 
than the eutectic composition have, as shown by 
curve C, a relatively large time-temperature 
range. The cast irons are representatives of 
this latter class. 

In each of the curves presented in fig. 11-1, 
point a represents the time the temperature of 
the metal at the moment the metal enters 
and fills the mold. The metal gives up heat to 
the mold and the temperature decreases rapidly. 
This temperature decrease and the time in- 
volved while the metal is in a liquid state is 
represented by that part of the curve from a to 
b. Note that in each time-temperature curve 
the portion from a to b is steep, indicating that 
the rate of cooling is rapid. Note also that the 
rate is fairly constant. 

At point b, the metal begins to solidify. Be- 
tween b and c part of the mass is liquid and 
part of the mass is solidified. The proportion 
of liquid to solid changes constantly with time 
until finally at point c the entire mass is in the 
solid state. The temperature represented by 
point b is known as the LIQUIDUS, or that tem- 
perature above which the entire mass is molten. 
The temperature represented by point c is 
called the SOLIDUS, or that temperature below 
which the entire mass is in the solid state. 

Between the temperatures represented by 
points b and c, the rate of heat loss is radically 
different from that above the liquidus or below 
the solidus. This radical difference in cooling 
rate is a result of latent heat of fusion evolved 
during the change of state. That is, when the 
metal changes from a liquid consisting of atoms 
and molecules moving rapidly in random direc- 
tions, to a solid whose atoms are moving slowly 
(vibrating)incharacteristic geometric patterns, 
the difference in the rate of motion results in 
the mass giving off heat. 

HEAT OF FUSION is the primary source of 
heat evolved during solidification. The rate at 
which this heat is liberated is proportional to 
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the amount of metal solidifying at any given 
instant. In a pure metal, the latent heat of 
fusion evolved is sufficient to prevent a de- 
crease in the temperature of the mass until the 
entire mass has completed the change of state. 
Consequently,time passes but temperature does 
not decrease. As shown by the curves for solid 
solution and eutectic-type alloys not having the 
eutectic composition, there is a temperature 
decrease with time during solidification, but 
because of the latent heat evolved the tempera- 
ture decrease rate is slow and frequently 
irregular. 

In terms of time dnd temperature, the be- 
havior of metallic alloys varies widely during 
solidification. Except for pure metals and eu- 
tectic alloys, solidification occurs through a 
range of temperature as indicated by the gray 
areas on the time temperature cooling curves 
shown in fig. 11-1. That portion of the curve 
below the solidus (from c to d) represents cool- 
ing to room temperature in the solid state. 
Since all latent heat of fusion has been given up, 
cooling below the solidus proceeds at a normal 
rate. 

From the moment metal leaves the furnace 
until it becomes a room temperature solid, it is 
constantly giving up heat. If solidification is to 
progress, this heat must be transferred from 
the metal to its surroundings. The rate at which 
the total amount of heat liberated by the mass 
is transferred to its surroundings and dissi- 
pated regulates the rate of solidification. Thus, 
the faster heat is transferred from the metal to 
the mold and carried away, the more rapid the 
solidification rate. 

A sand mold absorbs heatin two ways. First, 
the molding material adjacent to the metal is 
heated to a temperature approaching that of the 
metal. A portion of this heat is expended in the 
volatilization of water, binder, core oil, and 
other materials incorporated in the molding and 
core sand mixtures. A second way in which the 
mold material functions in heat transfer is by 
conducting heat away from the mold-casting 
interface. Since sand.is a poor heat conductor, 
this phase of the heat transfer process in the 
mold is slow. Mold parts are heated in propor- 
tion to the amount of molten metal passing over 
them. As long as metal is moving over a mold 
surface, solidification cannot progress in that 
portion because the sand in the mold is unable 
to absorb and carry away heat as quickly as it 
is given off by the metal. 

The temperature within a casting is. not 
uniform throughout. Heat at the interior is 
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transferred and dissipated at a slower rate than 
that near the mold wall. At the center, heat 
must travel first through hot semiliquid metal, 
then through the solidified metal skin, and finally 
through the heated sand surrounding the mold 
cavity. If we were to record simultaneously the 
temperatures at intermittent intervals from the 
flask through the mold to the center of the cast- 
ing, we would find that progressively higher 
temperatures exist as the casting interior is 
approached. Differences in temperature within 
the mold have an influence on solidification, but 
not so importantly as similar temperature dif- 
ferences within the casting. 

Temperature differentials existing within the 
casting are frequently referred to as the TEM- 
PERATURE GRADIENTS. Assuming a suitable 
design, the temperature gradient developed in a 
casting is related to the pouring rate, the rise 
of metal in the mold per second, and the heat 
conductivity of the mold. In a bottom gated 
casting, a slow pouring rate and the resultant 
slower rise of metalin the mold result in a less 
favorable gradient than a fast pouring rate. The 
opposite is true in a top gated casting. Here a 
slow pouring rate usually gives a better tem- 
perature gradient. The type of gradient devel- 
oped within the casting determines the course 
of solidification. The gradient within the cast- 
ing and risers also determines the feeding 
conditions during the critical final stages of 
solidification. 

The curves in fig. 11-2 show the difference 
in the temperature gradients established by fast 
(curve A) and slow (curve B) pouring rates. The 
cross-sectional view in the same illustration 
shows the type of casting within which the gra- 
dients were established. Since the casting was 
bottom gated and top risered, the gradient is 
unfavorable with either fast or slow pouring. 
Here the hottest metal is at the bottom of the 
mold with the coolest metal at the top in the 
riser. Nevertheless, the curves show that the 
temperature differential with slow pouring is 
approximately 200" F, while with fast pouring 
the temperature differential is considerably 
less. | 

While a metal is cooling from a liquid to a 
solid it decreases in volume. The total amount 
of shrinkage occurring depends upon the as-cast 
temperature of the metal. The total volume 
decrease is thought to occur in three distinct 
phases: liquid shrinkage, solidification shrink- 
age, and solid contraction. Volume décrease 
occurring while the metalis molten is of aca- 
demic interest to the foundryman since it does 
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Figure 11-2.- Temperature gradients 
developed within a casting by differ- 
ent pouring rates. 


not pose a serious problem in the production of 
a casting. Volume decrease after solidification, 
as discussed in chapter 5, is a problem for the 
Patternmaker when he develops the pattern. 


. Volume decrease or shrinkage during the liquid- 


solid phase of cooling is of crucial importance 
for the foundryman. This shrinkage must be fed 
or defects may develop. 

Common shrink defects as shown in fig. 11-3 
are (A) general internal porosity, (B) centerline 
shrinkage, (C) cope draw shrinkage, and (D) 
localized shrinkage at a re-entrant angle. Gen- 
eral internal porosity may result from inter- 
and/or intra-dendritic shrinkage which has not 
been properly fed. Centerline shrinkage is 
typical of solid solution alloys like steel. It 
occurs inthese alloys because the initial skin 
formed has sufficient strength to resist the 
force of atmospheric pressure tending to push 
in the sides while a partial vacuum exists within 
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the casting. Cope draw shrinkage is typical of 
eutectic alloys. This kind of shrinkage results 
when centerline shrinkage starts to develop but 
the soft mushy condition of the material is not 
capable of resisting atmospheric pressure on 
the walls or supporting the internal void. Con- 
sequently, the cope wall of the casting collapses. 
Shrinkage at a re-entrant angle stems from de- 
layed solidification caused by a hot spot created 
in the sand. When solidification does occur, 
feed metal is not available to compensate for 
solidification shrinkage. 

Successful feeding is necessary to avoid 
shrink defects. This is accomplished through 
the application of the physical laws governing 
the solidification of adjoining sections of metal. 
Important factors in shrinkage and feeding are 
the relationship between volume and surface 
area, time and temperature, the transfer of 
heat, and the provision of an adequate system to 
feed the casting. 
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DENDRITIC THEORY OF SOLIDIFICATION 


We have said that when the temperature of 
molten metal decreases below the liquidus, 
solidification begins with some atoms arranging 
themselves into characteristic geometric pat- 
terns. The type of cell unit formed by the atoms 
depends on the metal or alloy. The basic unit 
may be any one of 14 possible 3-dimensional 
patterns. Of these, the body-centered cubic 
consisting of 9 atoms, the face-centered cubic 
made up of 14 atoms, and the close-packed 
hexagonal containing 17 atoms are the most 
common. These units in turn form nuclei of 
primary crystals called DENDRITES, a term 
designating a crystal characterized by a tree- 
like pattern composed of many branches. Nuclei 
of dendrites do not form simultaneously in all 
parts of the molten liquid. They form inter- 
mittently and subsequently grow as the metal's 
temperature declines below the liquidus. Nuclei 
formation and dendrite growth continue until 
the metal freezes. With freezing, the process 
stops. 

The size and number of dendrites formed 
depend upon the rate of solidification. Where 
rapid solidification occurs, a great number of 
nuclei appear. Since the interval during which 
solidification occurs is short, the dendrites are 
small. On the other hand, fewer nuclei form 
when the solidification rate is slow, but the re- 
sulting dendrites continue to grow, producing 
large grains. As the mold warms up, the solid- 
ification rate decreases. Consequently, nuclei 
formation and dendrite growth vary from one 
part of the casting to another. 

An idealized sketch of a dendrite and the 
mechanism of its growth is presented in fig. 
11-4A. Solidification begins in the center of the 
3-dimensional structure and proceeds in straight 
lines along the 3 main axes. At regular inter- 
vals along each primary axis, secondary axes 
develop at right angles to the primaries. In a 
similar fashion ternary axes develop from the 
secondaries. The entire process is like that of 
branches and twigs growing on a tree. While 
the branches are forming, a distinct cellular 
structure builds up at approximately the same 
rate as growth along the axes. A membranous 
wall grows between the axes with growth pro- 
ceeding from the axes as diagrammed at B, fig. 
11-4. In this way the cells fill with metal which 
subsequently freezes. 

Dendrite growth is seldom normal. Inter- 
ference during growth is the rule. As soon as 
an axis contacts another dendrite, growth in 
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Figure 11-4.— Mechanism of 
dendrite growth. 


that direction stops. Currents within the mass 
may cause axes to grow more rapidly in one 
direction than another, or the current may break 
off a portion of a dendrite. Because of inter- 
ference, a dendrite's growth is restricted in one 
or more directions. At the mold wall, for exam- 
ple, growth can proceed only toward the interior 
of the mold cavity. At the interior, growth is 
haphazard in all directions. Where many nuclei 
form and dendrites grow close together, there 
is little opportunity for growth to proceed at 
right angles to the main axis. 

The characteristic dendrite developed is in- 
fluenced by the alloy as well as the existing 
conditions. In some metals the dendrite tends 
to grow faster in one direction than another, 
each axis having a different growth rate. Some 
metals throw out branches at a rapid rate, while 
others do so more slowly. Further, some met- 
als fill and solidify between the branches as 
fast as they grow; in others, the cells fill and 
solidify more slowly. 

The tendency for metals to crystallize with a 
cellular structure is thought to be the cause of 
general internal porosity. Assume two castings 
having the same size and poured from the same 
heat. If onecasting is sound and the other is po- 
rous, there is a measurable difference in their 
densities. This difference probably results from 
interdendritic shrinkage, that is, shrinkage 
within the dendrite itself which results in void 
spaces between the cells of the structure. 
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OF SOLIDIFICATION 


The mechanism of interdendritic shrinkage 
is somewhat as follows: with continued dendrite 
growth, a series of cubical cells fills with metal. 
Once the six walls of a cell are completely 
formed, further filling of that cell is cut off. 
After freezing, the completely filled cell occu- 
pies less space because of shrinkage. Thus, a 
small void exists. If each cell in the dendrite 
solidifies in the same way, the dendrite will 
contain a network of small voids. If each pri- 
mary crystal solidifies in a similar fashion,the 
casting will be interspersed with countless 
microscopic voids. 

If the tips of adjoining dendrites grow to- 
gether, the condition may be aggravated. The 
membranous wall that forms may provide a 
barrier preventing molten metal from reaching 
partially filled cells beyond. Cells denied suf- 
ficient metal for complete filling or feeding to 
compensate for normal solidification shrinkage 
contain voids of considerable size. 

Porosity caused by microscopic voids lying 
between the branches within a dendrite or be- 
tween dendrites are one cause of porosity (gas 
absorption from an improper melting procedure 
is another.) This type of porosity is usually 
limited to interior portions of the casting where 
dendrite growth is haphazard. Inatin bronze, 
this kind of porosity is revealed by examining a 
fractured surface with a low power microscope. 
If the fresh fracture has a yellow-gray color 
with a blue tinge, and a fine granular appear- 
ance with no trace of dendrites, the casting is 
probably not porous due to interdendritic shrink- 
age. Onthe other hand, if the surface is a dis- 
colored lemon-yellow through shades of orange, 
red, brown, and blue with distinct dendrites 
apparent under a low power microscope, the 
casting is probably defective. 

Interdendritic shrink voids can be eliminated 
by preventing excessive dendrite branching and 
by breaking up the formation of membranous 
cell walls which establish a barrier between an 
incompletely filled cell and the source of molten 
feed metal. Dendrite branches break readily 
where there is sufficient metal flow. Molten 
metal flows where there is a pressure differ- 
ential. 

Properly melted metal having a low dissolved 
gas content tends to form a vacuum within the 
metal in the mold. If atmospheric pressure is 
free to act on the metal in the mold cavity dur- 
ing solidification, metal will flow under pres- 
sure to those sections where the vacuum tends 
to develop. This flow under pressure is suffi- 
cient to break the branches of dendrites and to 
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rupture cell walls between the source of pres- 
sure and the vacuum voids.  Interdendrite 
shrinkage is avoided by ensuring that the cast- 
ing interior is open to atmospheric pressure 
throughout solidification. The inflow of metal 
to the low pressure area provides molten metal 
to compensate for volume reductions occurring 
with solidification. 

A defect resulting from interdendritic shrink- 
age isonly one of several kinds of shrink defects 
(see fig. 11-3). Yet the probability exists that 
if general internal porosity is avoided, other 
types of shrink defects will also be eliminated. 
The basic principle involved is the provision of 
a system of gates and risers that remain open 
to the atmosphere throughout solidification. 


SOLIDIFICATION CONTROL TECHNIQUES 


Directional solidification consists of obtain- 
ing suitable temperature differentials within the 
solidifying casting so that metal in the mold 
cavity farthest from the point of entry freezes 
first, with freezing progressing toward the 
hottest point. As each section of the casting 
freezes, it must be supplied with liquid metal 
from some other source. During the early 
stages of solidification, this source is within the 
casting itself. The last portion to solidify, how- 
ever, requires an external source of supply. 
When a supply of feed meta) is not available, a 
shrink void develops. 

Producing a casting free from shrink defects 
is a problem of properly timing the feeding of 
every part of the casting during solidification. 
This means that the foundryman must visualize 
the manner in which freezing will progress 
within a given casting, if he hopes to control 
solidification. Satisfactory visualization is re- 
lated to many of the factors discussed thus far. 
For example, the rate of solidification depends 
on the relative cross-sectional areas of the 
masses involved and the capacity of the mate- 
rialin contact with the niolten meta! to absorb 
the heat evolved. Solidification rates of various 
parts ofthe casting control the position in which 
it is placed in the mold. 

The most rapid solidification rate occurs at 
the end of the casting; the slowest rate occurs 
atthe hottest part. The larger the cross section 
of the mass, the more time required for solidi- 
fication. Since most castings consist of rela- 
tively heavy and light sections, the design of the 
casting has an important influence on the ther- 
mal gradients established and the rate and di- 
rection of solidification that ensues. Properly 
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designed castings lend themselves to directional 
solidification. Principles for designing castings 
to ensure directional solidification were dis- 
cussed in chapter 5, 

To illustrate directional solidification, im- 
agine a cylindrical tapered section cast big end 
up and top poured. If the pouring temperature 
and pouring rate is correct, the first metal en- 
tering the mold begins to solidify immediately 
with only a few inches of molten metal above it. 
This shallow reservoir of metal aided by atmos- 
pheric pressure provides complete feeding be- 
tween the dendrites of solidifying metal below. 
As the mold fills, solidification and feeding 
from above continue in a similar fashion. The 
rate of solidification decreases in the upper 
portions because of the larger cross section. 
Consequently, at the bottom of the mold where 
solidification proceeded more rapidly the metal 
has a comparatively fine grain structure. Grain 
size gradually becomes larger at successively 
higher levels. Coarse grains exist at the top 
where cooling was slowest. Thoughthere isa 
difference in grain size, the casting feeds to 
soundness when directional solidification pre- 
vails. 

The function of a casting may make it im- 
possible to design the part to provide progres- 
sive solidification as perfectly as desired. 
Frequently, techniques other than design are 
required to obtain a sound casting. These tech- 
niques involve the use of internal and external 
chills, padding, mold manipulation, and the use 
of proper systems of gates and risers. The 
remainder of this chapter deals with these 
methods for producing sound castings. 


GATING 


Typical gating systems were discussed and 
illustrated in Molder 3 & 2, Here we will elab- 
orate on the function of gates; the relationship 
between sprue, runner, and gate; the relation- 
ship between pressure, metal flow, and the size 
and number of gates; and certain general pre- 
cautions regarding the use of gates with various 
alloys. 

As you know, a gate is part of the overall 
system through which molten metal is introduced 
into the mold. Specifically, it is that part of the 
system opening directly into the mold cavity. 
The ideal gate introduces a sufficient volume of 
metal into the mold at a rate rapid enough to 
prevent cold shuts, but at the same time does 
not subject the mold face to undue pressure. In 
addition, it must help establish the desired 
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temperature gradient. Further, the ability of 
various mold parts to absorb heat is influenced 
by the metal flow pattern established by the 
gating system. 

When gates are improperly designed or in- 
correctly located, they interfere with rather 
than aid directional solidification. Some gating 
systems are designedto deliver metal to smaller 
sections of the casting first. When this is done, 
the metal cools somewhat before it reaches the 
heavy section. As metal flows progressively 
through the thin section, it gives up heat to the 
sand. Consequently, the coolest metal is in the 
. heaviest section where the sand still has maxi- 
mum capacity to absorb heat. At the sametime, 
the thinnest section contains the hottest metal 
with the hottest mold face near the gate. The 
solidification rate of the heavy section is accel- 
erated while that in the light section is delayed 
because the sand's capacity to absorb heat from 
that portion has been modified by the flow 
pattern. 

In addition to the temperature gradient es- 
tablished, the smooth, uniform introduction of 
liquid metal into the mold is of primary impor- 
tance to casting quality. Metal flowing from 
gates should meet no obstructions. Interference 
with flow produces turbulence which results in 
mold and core erosion. The probability of pro- 
ducing a clean casting increases with the dis- 
tance metal flows from a gate without meeting 
an obstruction. But turbulence within a mold 
may occur without obstructions to metal flow. 
This may occur when all gates within the sys- 
tem are not introducing a uniform volume of 
metal into the mold. For example, when only a 
few gates of a multiple-gate system are func- 
tioning at capacity, turbulence results because 
some gates introduce metal at greater velocities 
than others. 

Under static conditions, that is, when the 
liquid is completely at rest, pressure at any 
point within a contained liquid is proportional 
to the height of the column of liquid above that 
point. If static conditions prevailed during the 
pouring operation,the pressure per square inch 
at gates having the same relative position in the 
mold would be equal. Each gate would introduce 
metaluniformly intothe moldcavity. For exam- 
ple, if all gates were plugged and then, after the 
sprue and runner were completely filled, the 
plugs were simultaneously removed while pour- 
ing continued, equal pressure and uniform flow 
from all gates would occur. 

Obviously, such a procedure is impractical. 
While the mold is being poured, the static 
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pressure concept discussed in chapter 7 does 
not apply. Since the liquid is in motion, it has 
momentum and velocity, factors which do not 
exist when the fluidis at rest. As aconsequence 
of these and other factors, including surface 
tension, free flowing metal does not necessarily 
enter all channels in the gating system uni- 
formly. More frequently than not, the metal 
tends to continue along straight line paths, 
ignoring side channel openings. This tendency 
may be overcome by constructing a choked 
gating system which develops a slight but equal- 
ized pressure throughout the system, forcing 
all gates to function uniformly. 

A choked system amounts to designing gates 
that cannot deliver as much metal as the runner 
and sprue can provide. When this condition 
exists and is properly balanced, a uniform flow 
from all openings results, regardless of their 
number of position. Essentially, a choked gating 
system is one in which the total cross-sectional 
area of the gates is slightly less than that of the 
runner or sprue. Ifthe area ratio of the sprue 
to runner or sprue to gates in the direction of 
flow is equal to one or less than one a choked 
system exists. Only a slight general pressure 
is necessary to obtain the desired effect. Avoid 
excessive pressure,for it results in a jet effect 
which may damage the moldor create turbulence. 

Whenuniform pressures exist, metal passing 
through a given gate and entering the mold nor- 
mally flows under a pressure proportionalto the 
difference between the metal level in the mold 
cavity and the top of the sprue. The velocity of 
flow through-the gate is proportional to the 
cross-sectional area of the gate and the fluid 
pressure exerted at that point; the direction of 
flow is away from the highest fluid level. 

The volume of metal carried by the sprue or 
vertical channel through the cope must be ade- 
quate to supply the rest of the gating system. 


In turn, the runner or passage on the mold joint 


line must belarge enough to maintain a constant 
supply to all gates. Contrary to common belief, 
however, increasing the diameter ofthe sprue 
(or riser) over that actually required, does not 
result in forcing more metal into the mold. The 
difference between the height of the sprue and 
the level of liquid in the mold determines the 
pressure tending to force metal into the mold 
cavity. For a gate of a given size, the greater 
the pressure, the greater the velocity of flow 
through the gate. | 

For the choked system, it is good practice 
to make the cross section of. the sprue from 25 
to 50 percent larger than the total cross. section 
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of the gates. When a runner is included in the 
System its cross-sectional area should be 
slightly smaller than that of the sprue and 
slightly larger than that of the gates. An oval 
cross section with the height approximately 3 
times that of the width is frequently used in 
runner design. A design of this sort helps trap 
dross and oxide in the upper part of the runner. 

From the discussion thus far, it is apparent 
that the size of the gate is the key in determining 
the cross-sectional areas of the rest of the 
gating system. The cross-sectional area of the 
gate must be large enough to fill the mold 
rapidly. In no case, however, should the gate's 
cross-sectional area exceed that of the casting. 
If the gate is larger in cross section than the 
casting, it may tear the casting during solidifi- 
cation, On the other hand,a gate must not be so 
small that it freezes prematurely or introduces 
metal with a jet-like nozzle effect. 

A number of attempts have been made to de- 
vise a technique to supplement common sense 
foundry practice when determining gate sizes. 
Since so many variables must be taken into 
account, none of these methods have been very 
successful. The following method, which as- 
sumes that the metal pouredas well as the mold 
surface areas have uniform temperatures, may 
be used as a guide. 
however, that experience is probably the best 
guide. The method involves the volume to sur- 
face area ratio, sometimes referred toas the 
cooling factor. This ratio, as was said earlier, 
is an index tothe relative cooling rate of a mass. 
of metal and thus to the rate of solidification. 
To ensure that a gate remains open and con- 
tains liquid metal until the casting has com- 
pletely solidified, the cooling factor ratio (CF) 
of the gate must be equal to the cooling factor 
ratio of the casting. The first step, then, is to 
determine the cooling factor of the casting. Di- 
vide the surface area by the volume. A casting 
with the dimensions of 12'' x 12" x 2'' will have 
a cooling factor of 0.5. For example: 





_ Surface Area 
CE volume 

__ 12" x 12" 
CF = Ton x 12" x 2" 

_ 144 sq in 
CF = x 

288 cu in 

CF = 0.5 


The next step is to find the cooling factor ra- 
tio of the gate. 


Area of cross-section 


F = 
C Circumference of cross section 


214 


It should be remembered, | 


where area of r 
cross-section 


and 1 circumference -2-? nr? = 
of cross-section 9 — 2 


fa 
therefore CF = = D 


( T D 4 
2 
The cooling factor ratio for the gate (CF 5D) 
is constantand will not change. 





In order the find the diameter of the gate,sub- 
stitute the cooling factors for the casting and 
gate (CF = 0.5 and CF = D) as follows: 

4 


D = 
4 705 


4 x 0.5 = D 
D = 2!! 


A multiple gating system usually produces 
better results than a system having only one 
gate. The number of gates to use for a particu- 
lar casting is related to the size of the casting 
and the desired rate of filling the mold. Here 
again, no specific rule can be given. Rapid fill- 
ing of the mold is usually desirable. Multiple 
gates serve this purpose and also function to 
distribute and reduce hot spots. 

No one kind of gate or gating system is suit- 
able for all purposes. Each of the various types 
has advantages and disadvantages. Thus, the 
design of the casting and thealloy involved must 
be considered. Bottom gates, for example, are 
most advantageous for bronze and drossing al- 
loys because they introduce metal quietly with 
little turbulent metalflow. Another advantage 
is that bottom gating minimizes mold and core 
erosion, and reducesthe possibility of entrapped 
air. These advantages, however, are somewhat 
offset by the fact that bottom gating establishes 
an unfavorable temperature gradient; that is, 
the hottest metal is at the bottom of the mold 
and the coolest metal is in the riser. A fast 
pouring rate minimizes the temperature differ- 
ential, reducing its adverse effect on solidifica- 
tion and permitting the advantages of bottom 
gating to be realized. The most common design 
for a bottom gate is that ofa horn. Toavoida 
spraying effect, place the large end of the horn 
next to the mold cavity. Be sure to observe this 
rule when producing manganese bronze castings. 

Top gates have the advantage of producing the 
most desirable temperature gradient within the 
casting. Under normal shipboard conditions 
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their use, however, is limited to molds that can 
withstand erosion and to nondrossing alloys. 
The latter factor eliminates using top gates in 
molds intended to produce most nonferrous 
castings.. Ferrous castings having a simple 
design are successfully produced with top gating 
systems. Here though, strainer cores or pencil 
gates are usually incorporated into the system. 

The basic idea of the pencil gate or strainer 
core is to break up the stream of metal and 
introduce it to the mold through many small 
openings. They are usually employed in clus- 
ters, each opening having a circular cross sec- 
tion approximately 1/2 inch indiameter. Pencil 
gates are most useful when a relatively large 
volume of metal must be introduced rapidly into 
a thin casting. 

Parting line gates are most frequently applied 
in job foundries because they are the easiest and 
most convenient to construct. The temperature 
gradient established when these gates are used 
is much more favorable than that of bottom gat- 
ing. When properly employed, these gates pro- 
duce gradients as perfect as those in top gating. 
Mold erosion may be a problem if the cope is 
deep, or if the drop from the gate to the bottom 
of the mold is excessive. However, with correct 
sand practice and sand control, erosion due to 
metal dropping should not be a problem. Much 
of the disadvantage of bottom and parting line 
gates may be minimized by gating into a riser 
rather than into the mold proper. 

Typical gating system designs are discussed 
and illustrated in Molder 3 & 2. No one system 
is satisfactory for all cases. Frequently, a 
combination of gates is necessary to introduce 
metal to the mold cavity in the most desirable 
manner. When planning a gating system, it is 
important to remember that the alloy being 
poured mustbe considered. With brass, bronze, 
and other drossing alloys, avoiding turbulence 
is essential. The best thing to do with these 
alloys is to concentrate on keeping dirt and 
dross from entering the mold. Bottom gates 
gated through a riser or a whirl included in the 
design of parting line gates are frequently used 
to trap dirt and dross. On the other hand, any 
system suitable to the design of the casting and 
the ability of the mold to withstand erosion is 
suitable with ferrous alloys. 


RISERING 


When an adequate supply of feed metal is not 
available to compensate for volume decreases 
during solidification, a shrink defect results. 
Since solidification occurs at varying rates along 
the casting, those portions solidifying first are 





fed from sources of molten metal within the 
casting itself; the last portions to solidify must 
be fed by sources outside thecasting. A riser's 
principal function is to serve as an outside 
source of molten feed metal. To be effective, — 
however, the reservoir of feed metal must be 
strategically positioned. A riser attached to a 
portion of the casting that solidifies first serves 
no useful purpose. Further, a riser placed for 
convenience is seldom satisfactory. Unless 
properly applied, risers may cause rather than 
prevent defects. | 

Just as there is no simple solution to the: 
problem of gating, neither is there a simple 
approach to risering. The successful applica- 
tion of risers requires [familiarity with the 
principles of solidification and feeding. It also 
requires an ability to determine which areas 
need to be fed. Once these areas have been 
isolated, the problem reduces itself to design- 
ing risers that will supply the section. At the 
same time, the foundryman must consider the 
alloy involved and the methods for keeping the 
riser open (that is, prevent premature freezing) 
until the area it serves solidifies. 





Although our main interest in risers is their 
function as sources of feed metal, they serve 
other purposes as well. Briefly, risers also 
serve to vent the mold cavity, minimize ram 
effect, flow off cold metal, and indicate when 
the mold is full. By observing the riser, the 
molder can estimate the extent to which the 
mold has been filled. When pouring cast iron, 
for example, only a thin wisp of smoke escapes 
from the riser during the early stages of pour- 
ing. The volume and velocity of smoke increase 
as the mold fills. Frequently, flame as well as 
smoke is present. Atthe instant metal enters 
the riser, smoking and flaming cease or de- 
crease sharply, indicating that the time to stop 
pouring is near at hand. Thus, the venting func- 
tion of the riser may be used as an indicator of 
the progress in filling the mold. 

In approaching the problem of risering we 
will consider first the manner in which a riser 
aids in feeding a casting to soundness. Follow- 
ing this we will take up riser design, the kinds 
of risers, and finally, techniques frequently 
employed to make risers more effective. Al- 
though risers are being considered as if they 
were separate entities, remember that they are 
merely one part of a system that includes the 
sprue, runner, gates, and mold cavity as wellas 
the risers. The entire system is interrelated; 
each part must contribute its share to the pro- 
duction of a sound casting. 
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Feeding With Risers 


When a riser is properly positioned, the 
first metal poured is farthest from the riser 
while the last metal poured remains hot in the 
riser and adjacent parts of the casting. Under 
these conditions, solidification occurs first at a 
point farthest from the riser and progresses 
toward the riser. If an adequate supply of mol- 
ten metal is available, if the channel between 
riser and casting is open, and if natural forces 
are free to act, feed metal first moves length- 
wise along the casting section, then laterally 
through interdendritic channels in the direction 
of the mold wall. The distance that a riser 
feeds depends on the thermal gradient estab- 
lished and the geometry or shape of the casting. 

Investigations on the solidification of steel 
and the effectiveness of risers, conducted at the 
Naval Research Laboratory, show that the shape 
of the cast section influences the distance to 
which effective feeding occurs. For a plate 
section up to 4 inches in thickness (T) feeding 
to soundness occurs to adistance of 4-1/2times 
the casting thickness. The riser feeding radius 
for a bar section is considerably less. 

In a plate section the 4-1/2 T relationship 
between section thickness and feeding distance 
is constant. This is not the case in a bar sec- 
tion. Here the multiplier of T used to deter- 
mine effective feeding distance varies with 
section thickness; the multiplier decreases as 
thickness (T) increases. A 2" x 2" section can 
be fed a distance of 4T; a 4" x 4" section, 3T; a 
6" x 6" section, 2-1/2T; and an 8" x 8" section, 
AT. Another difference was also noted. Plate 
sections feed to soundness as long as any meas- 
urable temperature gradient exists. A bar 
section, on the other hand, feeds to complete 
soundness only when the existing temperature 
gradient equals or exceeds 60^ F per inch. 

During the last stages of solidification, bar 
and plate sections differ in an important respect; 
namely, the channel available for feed-metal 
flow. This difference is illustrated in fig. 11-5. 
In the plate section, longitudinal feeding occurs 
along a plate-like channel with lateral feeding 
required in only two directions. Longitudinal 
flow in a bar section takes place along a single 
rod-like channel with lateral feeding required 
in all directions of a 360^ sector. Thus, a more 
pronounced temperature gradient is necessary 
to keep the feed channel of a bar section open. 
These differences in the feeding of bar and plate 
sections have an important bearing on the spac- 
ing of risers. In plate sections, feeding from a 
riser occurs over a proportionately greater 





18,73 
Figure 11-5.—Channel conditions for feed- 
metal flow in plate and bar sections. 


distance than inbar sections. Thus, morerisers 
are required to feed a bar section than an equiv- 
alent plate section. The number of risers re- 
quired varies with the cross section of the bar. 

Twoforces are responsible for the movement 
of metal from the riser to the casting: gravity 
or liquid head pressure, and atmospheric pres- 
sure. These forces may operate independently, 
cooperatively, or in opposition to each other. 
They function to prevent the formation of the 
partial vacuum tending to develop in solidifying 
metal. Of the two forces, atmospheric pressure 
is more powerful and thus the more important 
in feeding. 

Gravity and atmospheric pressure work to- 
gether to force metal into the casting when the 
riser is directly over the section it serves. 
When the riser and casting are on the same 
level, gravity is balanced out. Here, atmos- 
pheric pressure alone is operating to force 
metal into the casting. Where the casting is 
higher than the riser, atmospheric pressure 
must actually overcome gravity if feeding is to 
occur. This latter condition is usually the case 
in blind riser feeding in steel casting. How- 
ever, with nonferrous metals, the top of the 
blind riser must be higher than the section 
being fed, otherwise the blind riser will not feed 
properly. Since atomospheric pressure is such 
an important force in feeding, it is essential 
that the riser be kept open to the atmosphere 
while the casting is solidifying. 

Once the surface of the riser has frozen 
over, head pressure or gravity is the only force 
acting to feed the casting. This force is not 
sufficient to cause liquid to flow between clus- 
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ters of dendrites or break down the cellular 
Structure. Consequently, even though feed metal 
flow due to gravity may serve to force some 
metal into the casting and thus prevent the 
formation of some voids, feeding to prevent 
interdendritic shrinkage ceases as soon as a 
continuous skin forms over the surtace of the 
riser. In fact, in those instances where the re- 
lationship between the riser and the casting is 
such that gravity is balanced out or in opposi- 
tion to the required direction of feeding, the 
riser may draw metal from the casting. 

The riser is subject to the same laws that 
govern the solidification of the casting. It, too, 
solidifies inwardly from the mold face as a 
gradually thickening envelope. Consequently, 
a comparatively small portion of the riser's 
total volume of metal is available to feed the 
casting. Thus, itis the volume of fluid metal 
held in reserve by the riser that is important, 
not the total volume of metal. Effective feeding 
requires an adequate volume of hot fluid metal 
flowing with sufficient force to penetrate the 
last contraction cavity within the riser's sphere 
of influence. In summary, metal in the riser 
must be hotter than that in the area it serves; 
the riser's solidification rate must be less 
rapid than that of the casting; and, finally, the 
riser must remain open to atmospheric pres- 
sure throughout solidification. Obtaining these 
conditions is a matter of design. 


Riser Design 


The number of risers, their location, attach- 
ment at contact area, size, and shape are gov- 
erned by conditions imposed by the design of the 
casting. The ideal casting has the shape of an 
ingot and can be fed by a single top riser. Few 
such casting designs are encountered in the 
foundry. As a rule there are several heavy, 
isolated sections where component members 
intersect. Each of these heavy sections must 
be fed by a riser or otherwise handled to pre- 
vent shrink defects. 

The first step in riser design, then, is to 
study the casting and determine which areas 
require feeding. Consider each heavy section 
as a system to be fed by centrally located ris- 
ers. Bear in mind the feeding distance limita- 
tions imposed by the shape of the section. When 
the size of the section exceeds the distance a 
single riser can feed, it is necessary to employ 
two or more risers. In plate-like sections, 
simple adjoining areas fed by risers is all that 
is required; in bar-like sections, the riser 
feeding areas must have an independent zone. 


Risers must be attached at points where shrink- 
age is likely to occur. 

When several risers are necessary, whether 
at the same or at different levels of the same | 
casting, it is essential that each riser serves a 
definite zone. As the center of its particular 
system, the riser must establish a definite 
temperature gradient so that solidification will 
progress from the outer portion of the section 
served toward the riser, with the riser itself 
being the last portion of the system to solidify. 

Riser size is governed by the size of the 
section it serves. Since shrinkage occurs as a 
percentage reduction in volume, the greater the 
volume of the section, the greater the supply of 
feed metal required. Thus, large sections re- 
quire more risering. 

The contact area of riser and casting must 
cover the area to be fed or be capable of sup- 
plying the metal needed to feed that portion of 
the casting to soundness. At the same time, the 
cross section of the riser body must be large 
enough to retain the required amount of feed 
metal in a molten condition at the center. Fur- 
ther, the riser must be high enough to prevent 
final shrinkage from extending into the casting. 
However, as the riser increases in height, its 
cross section must also increase. This is nec- 
essary to maintain a relationship between vol- 
ume and surface area that ensures a slow cool- 
ing rate and thus prevents premature freezing. 

Riser shape is just as important as the vol- ` 
ume of metalit contains. From the standpoint 
of volume to surface area ratios (and thus the 
geometric shape that provides the slowest cool- 
ing and solidification rate for a given volume), 
a sphere is the ideal shape for a riser. This is 
an impractical shape to apply in molding opera- 
tions involving open risers. Consequently, a 
cylindrical shape is used for the main body of 
the riser. 

Shapes other than cylinders may be neces- 
sary at the point of attachment to the casting. 
Short neck cylindrical designs should be em- 
ployed whenever possible. Square and rectan- 
gular shapes are inefficient for the body of a 
riser since their corners solidify rapidly. The 
effective parts of square and rectangular shapes 
is limited to the largest circle or ellipse that 
can be inscribed in their cross section. 

AS a rule,risers having a height 1-1/2 times 
their diameter provide maximum feeding for a 
minimum amount of metal. Assuming that the 
correct diameter has been selected, riser 
heights exceeding the ratio cited are wasteful 
of metal in the sense that excess metal in the 
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risers decreases the number of castings that 
can be poured from a given melt. On the other 
hand, if the riser is too short, the contained 
metal is insufficient to compensate for volu- 
metric shrinkage. The proportions of the riser 
have an important bearing on riser effective- 
ness. But the proportions in themselves are of 
little practical use in the production of a sound 
casting unless the proper diameter and contact 
area have been selected. 

One way to determine the size of the riser 
involves (1) calculating the volumetric shrink- 
age that actually occurs within the section to be 
fed, and (2) selecting dimensions that ensure the 
delivery of that volume of feed metal. At the 
same time. the riser dimensions selected must 
ensure a less rapid solidification rate than the 
section served. This means that the volume to 
surface area ratio of the riser must be greater 
than that of the section under consideration. 
The method assumes that the amount of liquid 
and liquid-solid shrinkage for the metal to be 
poured is known. This method is further com- 
plicated by the fact that shrinkage varies with 
the temperature of the metal. Finally, the vol- 
ume to. surface area ratio is at best an estimate 
of the cooling and solidification rate and is thus 
subject to error. 

A simpler and, in most instances, more 
practical procedure involves the use of imagi- 
nary spheres or inscribed circles as described 
in Molder 3 & 2. Here a full size cross- 
sectional view of the section requiring feeding 
is prepared. The diameter of the largest circle 
that can be drawn in the section is taken to be 
the diameter of the area requiring feeding. 
Since isolated masses exist at the points of in- 
tersection of component members of the cast- 
ing, the view drawn will usually have the form 
of an L, T, H, Y, or X. Once the size of the 
section requiring feeding is established, the 
next step is to determine the size of the riser 
contact area. This is equal to 1-1/2 times the 
diameter of the inscribed circle representing 
the area to be fed. For example, if the diam- 
eter of the inscribed circle at the intersection of 
the two members of the T is 1 inch, the diam- 
eter of the riser contact area is 1-1/2 inches. 
Any riser contact area (neck) smaller than the 
inscribed circle will not feed a T section. The 
inscribed circle must be centered at the inter- 
nalface of the casting where it joins the riser 
neck. 

Riser designs above the riser-casting con- 
tact area vary. Some foundrymen use a shape 
havinga constant circular cross section through- 
out the height of the riser. Others favor a 
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Figure 11-6. — Examples of poor (A) and well 
designed (B) top risers. 


tapered shape having a gradually increasing 


circular cross section. The taper provided is 
approximately 1/4 inchin 4 inches. Thus, if the 
diameter at the area of contact is 2 inches, the 
diameter 4 inches above this point is 2-1/2 
inches. Since a long neck invites premature 
freezing the neck is made as short as possible. 
Feeding willtake place only when the metal in 
the neck is liquid and the riser is open to the 
atmosphere. Figure 11-6 illustrates a poorly 
—— riser at A, and a well designed riser 
at B. 

Some casting sections can be fed by top ris- 
ers; others, because of their relative position 
within the casting, require risers attached to 
the side. Consequently, the neck portion of a 
side riser differs from that of a top riser. The 
same procedure is followed to determine the 
size of the contact area. The neck, however, 
must swing through a 90" angle as shown at B, 
fig. 11-7. Note that the neck is relatively short 
as compared with the incorrect design at A, and 
that the diameter of the cross section of the 
neck gradually increases from that at the con- 
tact area to the diameter at the riser's base. 

A frequent objection to risers having the 
neck designs recommended herein is that they 
increase riser removal and cleaning costs. 
This is not a valid objection since the produc- 
tion of a sound casting is more important than 
the extra time required for riser removal. 
Further, modern methods of riser removal 
minimizethe difficulty that may be encountered. 

In the event that riser removal is crucial, a 
riser necked down with a wafer core may be 
used. The core must be very thin so that it 
quickly heats to the metal temperature. Little 
is known about the ratios between neck di- 
ameter, core thickness, and riser diameter. 
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Figure 11-7.—Incorrect (A) and correct (B) 
design for parting line side risers. 


Consequently, the foundryman using this tech- 
nique must proceed cautiously. The use of 
wafer cores to neck down risers is limited to 
riser diameters exceeding 4 inches. 


Blind Risers 


Thus far we have been concerned with open 
risers; that is, risers that extend through the 
cope and are open to the atmosphere. Inacces- 
sible parts of a casting do not lend themselves 
to feeding with open risers. These sections 
must be fed by blind risers that do not cut 
through the cope surface. Like open risers, 
blind risers must contain an adequate supply of 
feed metal and must be kept open to the atmos- 
phere so that pressure can bear on the feed 
metal. 

Properly designed blind risers are more 
efficient than open risers. Under normal con- 
ditions, open risers seldom deliver more than 
20 percent of their volume. Blind risers, on the 
other hand, deliver as high as 35 to 40 percent. 
Assuming the same feed demand, blind risers 
can be made considerably smaller than open 
risers. 

In addition to greater efficiency in the deliv- 
ery of feed metal, blind risers lend themselves 
to bottom gating through the riser. Gating 

rough the riser preheats the riser cavity, 
helps establish the proper temperature gradient, 
and ensures hot metal in the riser. Two other 
conditions contribute to the efficiency of blind 
risers. First, having adome- like shape, a blind 
riser closely approaches a sphere. Second, a 
blind riser is completely surrounded by sand, a 
feature which eliminates chilling through the 
radiation of heat to the air. These two features, 
plus gating through the riser permits the con- 
tained metal to stay hot longer. 


Feeding with a blind riser is analogous to 
the functioning of a mercury barometer. As 
you know, mercury in the barometer bulb re- 
sponds to increases inatmospheric pressure by 
rising in the tube. Under average atmospheric 
pressure, mercury rises 30 inches in the vac- 
uum tube. During solidification,the skin formed 
by the casting is similar to and acts something 
like the tube of a barometer. Assuming that the 
atmosphere has access to the molten metal in 
the riser, the pressure action forces the metal 
to a height inversely proportional to the density 
of the metal. If a true vacuum existed in a cast- 
ing, the height to which steel could be forced by 


a blind riser would be 52 inches. Since the den- 
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sity of nonferrous metals (except the light met- 
als like aluminum) is greater than that of steel 
or cast iron, the theoretical heightis less, about 
48 inches. For aluminum, the theoretical height 
is 150 inches. These theoretical feeding heights 
are never attained since a true vacuum never 
exists ineven the best grade of steel. Some gas 
is always coming out of solution to fill the vac- 
uum that tends to form. Further, to assume 
that a sound skin exists is impractical. 

In blind riser feeding, the gate through which 
metalenters the riser from the sprue or runner 
is made relatively small. Shortly after pouring 
ceases, this small gate freezes, completing a 
closed system consisting of the blind riser and 
casting similar to the barometer bulb and 
vacuum tube mentioned previously. Shrinkage 
within the casting is constantly tending to cre- 
ate a partial vacuum. Atmospheric pressure 
acting on the blind riser forces metal into the 
casting relieving the partial vacuum. Thus, 
with proper directional solidification and at- 
mospheric pressure free to act, each succes- 
sive amount of shrinkage is compensated by 
additional fluid metal from the riser. 

If a continuous skin forms over the blind 
riser, excluding atmospheric pressure, the sys- 
tem works in reverse; that is, the casting feeds 
the riser. Since the casting section is higher 
than the blind riser, gravity acts counter to the 
direction of desired feeding. But if the forma- 
tion of a continuous skin is prevented, atmos- 
pheric pressure overcomes gravity and forces 
feed metal into the casting. 

The need for keeping risers open to the at- 
mosphere is demonstrated in fig. 11-8. AtB, 
shrink voids exist throughout the casting as well 
as in theblind riser. At C, the casting is sound. 
The only apparent shrinkage exists at the top of 
the blind riser. The riser at C was kept open 
through the use of a round, dry sand core 
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C-RISER KEPT OPEN TO ATMOSPHERE 


18,76 
Figure 11-8.—Effects of atmospheric pres- 
sure on casting fed by blind risers. 


embedded in the sand at the top of the riser and 
projecting into the riser a distance approxi- 
mately equal to the radius of the riser. 

The core is a simple rod-like shape made of 
strongly bonded oil sand reinforced with wire 
and usually vented through the center. A com- 
mon technique provides a recess in the pattern 
for the riser so that the core may be rammed 
up with the mold. Risers up to 3 inches in di- 
ameter need 3/8- or 1/2-inch diameter cores; 
risers between 3 and 6 inches in diameter re- 
quire 5/8- or 3/4-inch diameter cores. A 
similar result can be obtained by cutting a 
V-groove across the top of the riser pattern 
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so that a portion of sand is surrounded by metal 
in the riser. 

The purpose of the core or groove is to 
provide a permeable path through which atmos- 
pheric pressure can act. The relatively small 
projection heats up rapidly, preventing the for- 
mation of a continuous skin which, in turn, per- 
mits atmospheric pressure to act on the feed 
metal in the riser through solidification. 


Keeping the Riser Open 


An improperly functioning riser is worse 
than no riserat all. Proper riser design and the 
establishment of a suitable temperature gradi- 
ent are fundamental for satisfactory feeding. 
But the importance of having hot metal in the 
riser and keeping the riser open to the atmos- 
phere cannot be overemphasized. 

Several techniques are used to supplement 
design and help ensure that the metal in the 
riser remains fluid long enough to feed the 
casting. À common procedure is to top-off open 
risers with hot metal by pouring directly into 
the riser after the mold proper is filled. While 
this may be of some value, it is not nearly so 
effective as a well designed system of gates 
and risers. Working the metal in the riser and 
riser neck with a churning rod is another com- 
mon but almost useless practice. 

An effective technique involves the construc- 
tion of a flow-off or channel leading away from 
the top of the riser. With an open riser, the 
flow-off channel has the form of a trough cut in 
the top of the cope. When used with blind ris- 
ers, it is a vertical, open riser-like channel 
cut through the cope. In either case, the flow- 
off receives metal that has been slightly chilled 
as it passes through the mold. At the same 
time.that flow-off metal cools, it warms the 
sand around the riser cavity. Consequently, 
both the sand around the riser and the metal 
finally contained by the riser are hot. Theusual 
practice with flow-offs is to reduce the pouring 
rate as soon as the metal enters the flow -off 
channel. This allows the chilling action of the 
mold to progress while a small amount of metal 
is still passing through the casting. 

Prolonging the fluid life of metal in the riser 
may be accomplished to some extent by forming 
the riser ina dry sand core. Since the baking 
process eliminates moisture and volatilizes 
binding materials, the capacity of the core to 
absorb heat from the metal in the riser is con- 
siderably reduced. Consequently, heat transfer 
occurs more slowly when the riser is surrounded 
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by a core than when surrounded by green sand. 
Less rapid heat transfer results in a slower 
solidification rate. Metal in the riser stays hot 
longer and may thus serve more efficiently as 
a source of feed metal. 

Special compounds have been developed by 
several manufacturers to prevent the surface 
of open risers from skimming over, or to serve 
as insulators which retard heat loss. One group 
of these materials is commonly known as anti- 
piping compounds. These compounds vary widely 
in composition, depending in part upon the brand 
and in part on the kind of metal with which the 
material is to be used. They may be either 
exothermic or carbonaceous materials when 
used with steel. For nonferrous metals, how- 
ever, avoid compounds containingthermit. They 
contaminate the riser metal with iron, making it 
unsuitable for use as remelt material in subse- 
quent heats. 

Materials that give off heat in a chemical 
reaction are known as exothermic compounds. 
When molten metal comes in contact with an 
exothermic compound a chemical reaction oc- 
curs between metal and oxidizing agents which 
produce sufficient heat to delay solidification. 
Unlike the reaction of normal thermits, exo- 
thermic compounds used in the foundry do not 
react violently. Since the compounds are made 
by admixing several materials and a refractory 
binder, a slow, controlled reaction is obtained 
for any desired period ranging from 15 minutes 
to several hours. When the exothermic reac- 
tion ends, the compound changes from a heat 
producing agent to a highly heat resistant re- 
fractory. As such, it serves to hold in the heat 
produced by the previous reaction. 

One type of material, Carbon Free Liquid- 
izer, is used on the surface of the feed metal. 
While the exothermic reaction is in progress, 
the metal at the top of the riser becomes hotter. 
At the conclusion of the reaction, a portion of 
the original material remains as an insulating 
cover over the riser surface. This cover pro- 
tects the metal from the chilling effect of the 
air and prevents the formation of a continuous 
Skin of metal over the top of the riser, effec- 
tively keeping the riser open to the atmos- 
phere. 

Some exothermic materials like Soffel's 
Thermatomic are available as dry powders 
which, when mixed with water, may be molded 
into any shape and baked as an ordinary sand 
core. These shapes may be used as the walls 
of risers, as core rods for blind risers, wafer 
cores in necked-down risers, or as a facing 
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application in sections of the mold where de- 
layed solidification is desired. 

A few of the exothermic compounds provide 
metal of the same composition as the casting 
as well as heat. While these compounds are 
satisfactory for steel and monel, they are not 
presently suitable for bronze. Compounds in- 
tended for use with bronze should consist of a 
blended mixture of carbonaceous material and 
an oxidizing agent. This material burns slowly 
on the surface of. the metal and evolves just 
enough heat to prevent the formation of a con- 
tinuous surface skin. 

Still another method of prolonging the fluid 
life of metal in risers involves the use of insu- 
lating materials consisting of infusorial or 
diatomacious earth and mineral perlite (a vol- 
canic glass). These materials sufficiently re- 
tard heat loss to permit metal to remain molten 
longer. Like the exothermic compounds, the 
insulating materials may be used as loose mate- 
rial on the top of the riser or as special shapes 
rammed-up in the mold like a core. Materials 
like Sil-o-Cel (a diatomaceous earth and min- 
eral perlite mixture) may be used as special 
molding sands where slower solidification is 
desired. 

Exothermic and insulating materials increase 
the efficiency of risers by ensuring that -they 
remain open to atmospheric pressure. Sincea 
greater percentage of the contained metal is 
delivered to the casting through the use of exo- 
thermic and insulating sleeves and covers, it is 
possible to make' risers smaller than with green 
or regular core sand. No general rules can be 
given for the size of risers when these mate- 
rials are employed. The recommendations of 
the manufacturer and experience with a partic- 
ular compound must be used as a guide. Under 
any circumstances, though, the size of the riser 
must be adequate to supply the feed require- 
ments ofthe casting. Further, it must be at- 
tached at the point requiring feeding. 


MOLD MANIPULATION 


Appropriate systems of gates and risers, 
patterns designed to promote directional solid- 
ification, and properly melted and poured metal 
usually ensure a sound casting. Frequently it 
is possible to gate through openand blind risers 
and thus gain the advantage of bottom gating 
without the disadvantage of improper tempera- 
ture gradients. Occasionally, the function of 
the casting requires a shape which violates the 
principles of design for directional solidification. 
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Sometimes this difficulty can be overcome by 
padding as described in chapter 5. In other 
cases, it may be necessary to resort to mold 
manipulation or to the use of external or inter- 
nal chills. 

Mold manipulation, as you may recall, was 
discussed and illustrated in Molder 3 & 2. De- 
pending upon the circumstances, the position of 
the mold may vary only slightly, or it may be 
totally reversed from the position in which it 
was poured. Usually, 30^ manipulations are 
sufficient. Pouring while the moldis tilted, with 
the gate at the lower end, permits a pool of 
metal to act as a sealbetween the filled and un- 
filled portions of the mold. This seal prevents 
the entrance of air, even when the stream is 
irregular and intermittent and makes it easier 
for smoke and fumes to escape. In a tilted mold 
the metal spreads over the surface and fills the 
mold more gently than when the mold is flat. 
With 180^ mold manipulations, it is possible to 
obtain the advantage of bottom gating during 
pouring and the advantage oftop pouring and top 
risering during solidification. 


USE OF CHILLS 


A chillis a device having high heat capacity 
and conductivity characteristics. It is used in 
selected portions of the mold to increase the 
rate of solidification by rapidly absorbing heat 
from the molten metal. Chills are used advan- 
tageously to promote directional solidification 
in heavy sections where it is not feasible to 
apply risers. 

The effect of a chill is similar to reducing 
the volume of the mass involved. For example, 
assume two castings having the same initial 
temperature, the same surface area, and the 
same volume; one being completely surrounded 
by sand, the other by sand and strategically 
placed chills. Here, the casting having chills 
solidifies more rapidly. In fact, through the use 
of chills, a casting of greater volume can be 
made to solidify before a casting having a 
smaller volume. 

- Gun metal (G metal), valve bronze (M metal), 
hydraulic bronze, and bearing bronze that so- 
lidify in a mushy manner through a long freez- 
ing range contain a certain amount of distributed 
microporosity. As the size of the casting in- 
creases, the porosity also increases. Castings 
of these alloys usually contain from 1 to 2 per- 
cent porosity. It is very difficult to reduce the 
porosity below 1 percent, except in small cast- 
ings. Alloys that have this long range freezing 


present a problem to the molder, mainly be- 
cause these alloys resist the effects to become 
sound by the normal gating and risering tech- 
niques. Therefore, alloys of this type usually 
require chills (see Molder 3 & 2, NavPers 
10584-B) to accelerate directional solidifica- 
tion toward the risers. This method will reduce 
the amount of microporosity. 

With chills to accelerate solidification at 
some points and insulation to retard solidifica- 
tion at others, it is possible to even out section 
size and promote directional solidification. To 
do this, though, requires a thorough understand- 
ing of the principles of solidification, plus care- 
full planning to determine the positions at which 
to place chills and insulators. 

Chills may be used externally or internally. 
EXTERNAL CHILLS replace sand at some 


critical area. INTERNAL CHILLS become a 
part of the casting. In the former instance, the 
melting point of the chill must be higher than 
that of the casting. This is necessary to avoid 
fusion between the casting and the chill. In the 
latter instance, the materials should be similar 
to those of the casting alloy. Here, fusion to 
the chill is most desirable. With either exter- 
nal or internal chills, size is important. Their 
mass must be great enough to ensure the elim- 
ination of porosity inthe immediate zone without 
transferring porosity to another part of the 
casting, but not so massive that they cause 
cracking. Cleanliness is mandatory in both 
instances. 

EXTERNAL CHILLS are rammed in and be- 
come a part of the mold wall. Consequently, 
one surface ofthe chill must accurately conform 
to the exterior of the casting. This surface 
must be smooth and clean. A rough surface 
interferes with normal contraction and may 
cause the casting to crack. The chill may be 
cast to shape or made from plates, bars, or 
rods. However produced, the edges require 
tapering to avoid drastic cooling at the edges of 
the chill. When the edges are not tapered, 
stresses develop within the casting which may 
cause it to crack. 

As a rule, satisfactory external chills have 
a cross-sectional thickness equal to that of the 
casting section being chilled. Chill thicknesses 
exceeding casting wallthicknesses do not appre- 
ciably increase the rate of solidification over 
that obtained when the thickness of both chill 
and casting are equal. In the event that a single 
chill serves the entire section requiring chill- 
ing, the area of contact between chill and cast- 
ing should be equal to or slightly less than that 
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of the casting section. Frequently, though, the 
section that cannot be adequately risered and 
us requires chilling is such that a single chill 
does not suffice. These sections usually have 
e form of a T, L, V, Y,or X. Here it is nec- 
essary to apply chills in a staggered pattern as 
llustrated in fig. 11-9. 

In addition to using external chills to pro- 
note directional solidification, they are also 
ommonly employed in corners or other parts 
of the casting that tend to crack because of un- 
equal contraction stresses. By placing chills in 

ese areas, the metal is more rapidly cooled, 
increasing the thickness and strength of the skin 
at the time contraction stresses normally cause 
hot tearing. 

In the area where a chill is applied, the first 

etal contacting the chill gives up its heat 
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Figure 11-9.—The application of 
external chills. 


quickly. A thin solid layer of metals forms 
against the surface of the chill and the chill 
itself becomes warmer. With time the layer 
becomes thicker and the temperature differen- 
tial between chill and casting decreases. Since 
the heat must pass through the chilled layer 
already formed, and since the heat absorbing 
capacity of the chill is reduced, solidification 
proceeds more slowly. When the temperature 
of the chilland the solidified casting skin equal- 
ize, the chilling action ceases and solidification 
proceeds as if the chill were no longer present. 
Assuming proper design, an external chill never 
attains the melting point of the metal. Fusion 
between chill and casting does not occur unless 


the thickness of the mass of molten metal 
greatly exceeds the thickness of the chill. 

Internal chills are more difficult to apply 
than external chills. When internal chills are 
used their composition must be similar to that 
of the casting. Further, their surfaces must be 
clean and dry. Eliminate oxide films, grease, 
oil, paint, mold wash, finger marks, and mois- 
ture from the surface of the chills. If any of 
these are present, gas will form when the molten 
metal surrounds the chill. Gas formation in- 
terferes with fusion between the casting and the 
chill and may result in other defects. 

The size and shape of internal chills are im- 
portant. Chills that are toolarge may cause the 
casting to crack; if too small, they serve no 
useful purpose. As an aid to fusion, the chill 
should have a streamlined shape. Some slight 
metal flow past the chill may be helpful, but a 
chill placed near an ingate is likely to melt too 
quickly to be of any value in cooling the section. 

The most popular use for internal chills is 
in bosses where the chill may be completely 
removed in a subsequent machining and drilling 
operation. If chills are to be removed by drill- 
ing, and the hole tapped and plugged, use square, 
hexagonal, or octagonal chills. Round chills are 
difficult to remove since they are likely to break 
loose and turn with the drill. In any case, the 
chill diameter should be smaller than the hole 
to be drilled. 

In green sand molds, do not place internal 
chills until just before the mold is closed prior 
to pouring. If for any reason the mold cannot 
be poured immediately, disassemble the mold, 
remove the chills and keep themdry until pour- 
ing can be accomplished. If the mold is to be 
oven dried, do not include the chills. Fumes 
and moisture given off during drying adversely 
affect chill surfaces. 

Avoid the use of internal chills in pressure 
tight sections or in castings required to pass 
radiographic inspection and magnetic powder 
testing. Even on the ordinary job, the use of. 
internal chills requires an expert, and he's not 
always successful. A big difficulty is cracks 
emanating from the chill. Before pouring starts, 
the chills are cold. Metal solidifying around 
them is contracting while the chill itself is get- 
ting hot and expanding. Asa result the chilled 
layer of metal cracks. In short, since so many 
variables must be controlled (chill composition, 
metal analysis, location, metal temperature, 
rate of pouring, chill surface, type of mold, etc.) 
internal chills should be used only in exceptional 
cases. 
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POST SOLIDIFICATION OPERATIONS 


It's a long way from the designer’s drawing 


board to & completed casting. Many operations 
To the casual observer, the 
foundry's job is almost completed when the mold 


are necessary. 


is poured. As a matter of fact, several addi- 


tional operations must be performed before the 
casting is ready for delivery. Not only must it 
be removed from the mold and cleaned, it must 


also be inspected for soundness, monor defects 


must be repaired, and in some instances heat 


treatment must be performed to develop the 
physical properties specified. 


SHAKEOUT AND CLEANING 
OF CASTINGS 


When a casting is shaken from the mold too 
soon, distortion and hot tearing may result. 
Until the temperature has decreased to a certain 
maximum, which varies with the alloy, it is 
necessary that the casting be left to cool in the 
mold. The temperature of a steel casting should 
be no more than 1200? F. at the time of shake- 
out; cast iron, manganese bronze, andtinbronzes 
should cool to at least 1000? F.; and aluminum 
to at least 500? F. If the casting exceeds the 
maximum temperature, the shakeout operation 
and subsequent handling may cause damage. 
After the casting has solidified, however, no 
harm is done by loosening cores, flasks, and 
mold fixtures. In fact, such loosening after 
solidification may prevent cracking and distor- 
lon. 


REMOVAL OF SAND 


When the casting has cooled sufficiently, shake 
it from the sand. Remove all adhering sand by 
chipping and/or wire brushing, as necessary, 
before any other cleaning operations are per- 
formed. This step is necessary because adher- 
ing sand: 

1. Interferes with burning operations em- 
ployed to remove risers from steel castings 
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2. Decreases the life of saw blades used " 
remove risers from nonferrous castings 

3. Contaminates sand and shot blasting ma 
terials 

4. Insulates portions of the casting and causes 
nonuniform heating during heat treatment 





REMOVAL OF RISERS AND GATES 


Risers and gates may be removed by striking 
with a sledge, sawing with a bandsaw or an ab- 
rasive off wheel, using a chipping hammer, 
or burning with an arc-oxygen, oxyacetylene, 
oxyhydrogen, or oxypropane cutting torch. Not 
all of these methods are suitable for all alloys. 
With steel, riser removal by cutting with a band 
saw is impracticable except for small jobs. 
Here the burning torch is most useful. Thorough 
sand removal is important, particularly when 
the metal has penetrated the sand, forming a 
sand-metal layer of material in the area to be 
cut. The torch will not sever the sand-metal 
layer because the sand breaks up the continuity 
of the steel. This layer of material must be re- 
moved by chipping prior to applying the cutting 
torch. 

As a rule, steel castings should be at a tem- 
perature in excess of 400? F. (700? F. if riser 
diameter exceeds 6 inches) when risers are re- 
moved with a cutting torch or by other methods 
involving the application of heat; i.e., melting 
off with carbon or metallic arc welding equip- 
ment. A 3/16'' to 3/8'' stub should remain o 
the steel casting when risers and gates are re- 
moved by burning or melting. This stub as well 
as mold joint fins is removed later by grinding. 
Risers on stainless steel castings cannot be re- 
moved with a cutting torch. They must be re- 
moved by mechanical means (sawing, shearing, 
chipping, or abrasive cutoff wheels) or by melt- 
ing with an electric arc. 

Flogging or knocking off is sometimes used 
to remove risers from gray iron castings. When 
this method is used, the metal is nicked on each 
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side of the riser or gate at the point where shear- 
ing is desired. À common difficulty with flogging 
is that the neck does not completely surround the 
riser, consequently the shearing frequently tears 
the casting. Since the oxyacetylene cutting torch 
is impractical with cast iron, the most suitable 
means of gate and riser removal is sawing, 
chipping, or cutting with an abrasive wheel. With 
the latter process, it is necessary to hold the 
casting securely in a jig to avoid breaking the 
wheel. 

Gates and risers on aluminum, bronze, and 
other common nonferrous castings are usually 
removed by mechanical means. When sawing 
aluminum, operate the saw at a speed of 500 to 
1,200 feet per minute; for bronze, a speed of 
200 to 750 feet per minute is satifactory. In 
both cases, & sawtoothed design should prevent 
gumming. The cutting torch is not satisfactory 
for nonferrous metals. 

The removal of gates and risers is one of 
several steps in the cleaming process. In almost 
all instances, wire brushing with hand or power 
tools is necessary to remove loosely adhering 
sand. Frequently, scaling with chisesl is re- 
quired to remove pockets of sand penetrated by 
metal. Usually a hammer blow removes external 
chills, but occasionally it is necessary to chip 
or burn them free. Although sand or shot blast- 
ing is sometimes performed before riser and 
gate removal, this is usually an uneconomical 
procedure. However, whether risers are re- 
moved before or after blasting, all sand that can 
be removed from the casting by other means 
(brushing and chipping) should be removed to 
avold contaminating the blasting material and to 
minimize dust. Although sand is widely used as 
& blasting material, the trend is toward the use 
of metal abrasives since 1 ton of abrasive will 
do the cleaning work of 40 tons of sand. 


REMOVAL OF SCALE 


A pickling process is sometimes required to 
remove scale adhering to castings, especially 
when the casting has an intricate shape, or when 
the surface is to be galvanized or otherwise 
coated. Mixures of sulfuric, muriatic, nitric, 
or hydrofluoric acids are generally used. Hy- 
drofluoric acid effectively removes sand while 
sulfuric acid removes scale. Muriatic acid (also 
called hydrochloric) will also remove scale. 
Frequently two pickling baths are used: first, 
the part is pickled in a 5 to 10 percent solution 
of sulfuric acid in water at 150° to 190° F., 


followed by a hydrofluoric treatment. Immedi- 
ately after pickling, the casting is washed in 
water at about 200? F., so that it will dry quickly, 
and thus minimize rusting. 

As a rule nonferrous castings are not pickled 

except where a very brick surface is required. 
When such a surface is desired it is necessary 
to lacquer the surface after the pickling treat- 
to prevent discoloration, The usual nonferrous 
cast alloys are pickled in a dilute sulfuric acid 
solution consisting of 5 to 10 percent volume of 
concentrated sulfuric acid and water at a temper- 
ature rangine from atmospheric up to 120? 
F. If objectionable red cuprous oxide stains 
remain after pickling, they may be removed by 
immersing the metal in a solution consisting of 
4 to 10 percent sulfuric acid, 4 to 8 ounces of 
sodium bichromate per gallon of solution, and 
90 to 96 percent water, at a temperature of 
80° to 120° F. Several hot and cold water rinses 
are necessary after the pickling treatment to 
remove all trace of acid. Hot water containing 
1 to 2 ounces of soap per gallon of 
water neutralizes any residual acid remaining 
on the metal. After the final rinse, the part 
should be dried completely with a blast of hot 
air to avoid water staining. 
As a rule the Molder does not perform pick- 
ling operations. However, in the event that you 
assist in this work, here are some points that 
you and your men should keep in mind when 
working with acids: 


1. Wear rubber gloves, rubber frame goggles, 
acid resisting footwear, and a protective apron. 

2. When removing stoppers from containers 
of acid, remove the stopper slowly and cautiously 
(sometimes a gas is generated which may cause 
acid to be thrown out if the cork is removed 
suddenly). 

3. When preparing a solution, add acid to 
water, not water to acid. If acid is accidently 
splashed on the skin, wash immediately with a 
dilute solution of borax and water or with aqua 
ammonia; if neither of these materials is readily 
available, wash thoroughly with soap and water. 


INSPECTION OF CASTINGS IN 
ACCORDANCE WITH SPECIFICATIONS 


If a casting is manufactured in accordance 
with a blueprint, it will indicate the requirements 
for the casting. In some instances, chemical and 
physical analyses are performed to verify the 
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chemical composition and physical properties. 
When chemical and physical analyses are re- 
quired, a test bar is poured separately from the 
casting from the same heat. After this, the casting 
must be inspected visually to determine whether 
it meets the requirements for size and shape, and 
to determine if it is free from visual surface 
defects which would make the casting unfit for 
the intended service. If the casting is heattreated, 
the test bar must also be heattreated with 
the casting. The test bars are usually sent 
to a naval shipyard for the necessary analyses. 
Some of the newer submarine tenders are cur- 
rently being equipped to perform chemical and 
physical analyses. In addition, the blueprint 
may indicate that the cast be x-rayed in accordance 
with a certain military standard and that the 
results meet the requirements of a specific 
NavShips Radiographic Standard. It is obvious 
that the molder cannot perform these test; 
the casting must be tested, however, in accordance 
with the specifications. Thus, the shop supervisor 
will have to submit a work reuest or work 
supplement card to the Nondestructive Test 
Laboratory, shop 93A, which will perform the 
required tests. As a shop superior, therefore, 
you Should be aware of the various tests that can 
be performed by shop 93A, and why different 
types of tests are used. 


NONDESTRUCTIVE TESTING 


There is no doubt that you may ask yourself 
the following questions: What do I need to know 
about nondestructive testing? How can this test 
method aid you in foundry production? Who is 
authorized to perform these tests? What are 
some of the test methods used to test castings? 
You will be primarily concerned with the manner 
by which nondestructive testing will aid the shop 
supervisor in foundry production. | 

What is nondestructive testing? Actually non- 
destructive testing is the inspection of a casting 
or other forms of metal without physically 
damaging the part is question. For example, 
a casting that is suspected of having defects 
would not be ground with a grinder to explore 
the extent of the defect. Some method of non- 
destructive test would be used. The most common 
methods are liquid penetrateinspection, magnetic 
particle inspection, radiography inspection, and 
ultrasonic inspection. Any one of theseinspection 
methods can be used without physically damaging 
the specimen. The inspection methods are dis- 
cussed briefly in the following paragraphs. 


MAGNETIC PARTICLE INSPECTION 


Magnetic particle inspection is limited t 
ferrous alloys that can be magnetized. Thus 
some ferrous alloys can not be inspected by th 
magnetic particle inspection method. 

The next question that would most likely com 
to your mind is what is the purpose of magneti 
particle inspection? To answer this question 
magnetic particle inspection is used to locat 
defects at or near the surface of the metal 
Normally this inspection method will locat 
defects to a depth of about 1/8 inch; the do no 
have to be open to the surface. Possibly by 
now you are thinking just how does the magnetic 
particle inspection technique work. 

Figure 12-1 shows a ferrous alloy pipe bein 
inspected with a magnetic particle inspection unit, 
for surface and subsurface defects. Figure 12-2 
shows a welded test plate being inspected by the 
magnetic particle method. You may recall that 
magetism is an invisible force which can be 
detected only by its effects. The effects observed 
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Figure 12-1.— Magnetic particle inspection 
of ferrous alloy pipe. 
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Figure 12-2. — Magnetic particle inspection of a welded test plate. 


are governed by the strength and kind of the 
magnetic field developed. The magnetic field is 
induced in the pipe. If the pipe has some type of 
defect, fine iron powder sprinkled on the pipe 
will be drawn to the defective area. (A defect 
is actually a void such as a crack, sand hole, 
slag, or gas hole.) The void is not occupied by 
metal. When the magnetic field passes through 
the pipe, a void will cause an interruption in 
the field and the powder forms an irregular 
pattern around the void. Thus when applying 
very fine iron powder on the pipe, the broken 
field will draw the powder to the edge of the 
void; the irregular pattern which forms will 
give an indication of the type void or defect. 
Figure 12-3 shows a cracked piston dummy 
that has been inspected by the magnetic particle 
method. The dark line that resembles a crack 
is the accumulation of iron powder onthe surface; 
the powder conforms to the shape of the defect 
and represents a crack in the metal. 


sIQUID PENETRANT INSPECTION 


Liquid penetrant inspection, you might say, is 
a substitute for magnetic particle inspection. Itis 


used on ferrous and nonferrous metals. It is 
normally used, however, for metals that cannot 
be inspected by the magnetic particle method. ` 
Therefore, nonferrous metals and certain 
austenitic steels are commonly inspected with 
liquid penetrant, Unlike magnetic particle in- 
spection, which can reveal subsurface defects, 
liquid penetrant inspection reveals only those 
defects that are open to the surface. Thus, is 
inspection is used to detect surface and sub- 
surface defects that are open to the surface. 

To describe the application briefly, a penetrant 
is applied to the casting area of interest. After a 
suitable length of time, the penetrant is removed 
from the surface of the metal with a special 
cleaner, Finally, a product known as a developer is 
applied to the surface. The results are obtained 
by observing the penetrant indications within 
the developer. 

Let's stop and go back for a moment and 
examine what takes place when these penetrant 
materials are applied. First of all, the penetrant 
applied to the surface of the material will seep into 
any passageway open to the surface asillustrated 
in view A, figure 12-4, The penetrant is normally 
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Figure 12-3. — Magnetic particle inspection 
revealing a cracked piston dummy. 


red in color and, like penetrating oil, it seeps into 
any opening. Next, the excessive penetrant is 
removed from the surface of the metal with 
a special cleaner and a lint free, absorbant 
material. The cleaner removes only the penetrant 
on top of the metal surface as shown in view B, 
figure 12-4. Thus, only the penetrant that has 
seeped into the defect is left. 

Finally, the white developer is applied to the 
surface of the metal. (See view C, fig. 12-4.) 
The developer, an absorbing material, will act- 
ually draw the penetrant from the defect. There- 
fore, the red penetrant indications in the white 
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developer represents the defective area. The 
amount of red penetrant drawn from the void arez 
will give an indication of the size and sometimes 
the type of defect. Figure 12-5 shows a gun metal 
bronze casting that has received a liquid penetrant 
inspection. The jagged line located on the strength 
member represents the penetrant drawn from the 
defect by the developer; this indicates a crack in 
the strength member of the casting. 


RADIOGRAPHIC INSPECTION 

For certain a poco nda it is essential tha 
the interior as well as the surface ofthe castings 
be free from harmful defects. Therefore, to 
examine the internal structure of a casting, 
a technique known as radiographic inspection is 
used. Radiographic inspection will reveal defects 
such as cracks, sand holes, gas holes, hot tears, 
shrinkage, and inclusions. 

To reveal defects in castings, x-ray units or 
gamma ray projectors are used to produce 
an image of the casting. This is accomplished 
by the passage of x-rays or gamma rays through 
the casting onto a radiographic film. When 
developed, the film shows an image of thecasting 
and internal defects. Figure 12-6is araiodraphics 
film of 3-inch steel casting; the film shows that 
the casting contains gas and blow holes. Radio- 
graphic film can serve as a permanent record. 

Normally, a casting that requires radiographic 
inspection will be inspected first with magnetic 
particles or liquid penetrant. In other words, a 
casting must pass surface and subsurface inspect- 
ions before radiographic inspectionis performed. 


ULTRASONIC INSPECTION 


The ultrasonic inspection method is used to 
detect and locate flaws in metals. This method of 


DEVELOPMENT 


SS 


G. DEVELOPER DRAWS PENETRANT FROM 
CRAGK. 





18,81x 


Figure 12-4, — Principles of liquid penetrant inspection. 


228 


Chapter 12— POST SOLIDIFICATION OPERATIONS 





18,128 
Figure 12-5, — Liquid penetrant indicating 
a crack in a bronze casting. 


inspection is also used to evaluate the various 
flaws in metals and to measure the thickness 
of metal. It is used to measure the thickness of 
metal when only one side of the metal is access- 
ible. The old method for checking the thickness of 
metals, when both sides were not accessible, was 
to drill a hole through the metal and measure with 
some type of mechanical tool. Thus, the old fashion 
way of measuring thickness of metals is eliminated 
by the ultrasonic inspection method. 

The ultrasonic inspection is generally used in 
the foundry to check the thickness of a casting 
and to locate flaws. The thickness test can be 
applied to all types of castings to verify the 
thickness specifications. Occasionally, a core 
may shift when the mold is poured and thereby 
reducing the wall thickness to a borderline 
thickness. This type of defect can be detected by 
visual inspection. In an insolated area, however, 
it may be impossible to determine the thickness. 
Therefore, by using the ultrasonic inspection 
method, the thickness of that areacanbe verified. 

To explainthe importance of flaw location, let's 
use a casting for an example. Assume that, after 
a radiographic inspection, it is determined that 
there is an unacceptable gas hole in an isolated 
area of a casting that is 2 inches thick. If this 
defect is removed, the casting would be acceptable. 
To accomplish this, the casting would require 
grinding and welding. The radiographic inspection 
will pin point the area for the welderto grind, but 
will not show the depth of the defect. Therefore, 
the defect could possibly lie near the surface of the 
metal. The welder, not knowing exact location, 
has a 50-50 chance of grinding from the wrong side 
of the casting. By using ultrasonic inspection 
method, the depth of the depth ofthe defect can be 
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measured. Thereby revealing what side of the 
casting to grind and also how deep to grind to 
remove the defect. 

The ultrasonic units commonly used by the 
Navy are pulse flaw detectors utilizing low energy, 
high frequency mechanical vibrations (sound 
waves about 20,000 cycles per second). The 
mechanical vibration waves are used for the 
detection of defects. The principles used in 
ultrasonic testing are similar to sonar echo- 
ranging techniques. In sonar, a transducer pro- 
duces sound waves that travel through the water. 
When the sound waves strike an object, the sound 
waves are reflected back to the tranducer. The 
waves returning to the transducer create a visual 
display on the sonar scope. Thus, the sonarman 
can determine the distance, location, and possible 
the size of the object. 

When testing metals for defects, a transducer 
is placed on the surface of the metal. The 
ultrasonic unit produces mechanical vibration 
waves at the surface of the transducer. These 
waves travel through the metal. If a defect is in 
the path of the waves, the waves are reflected 
and return to the transducer. The waves striking 
the transducer create a display on the ultrasonic 
unit and the operator can determine the depth, size, 
and, in some cases, the type of defect within the 
metal. 


PERSONNEL QUALIFICA TIONS 


In the preceding sections, the types of non- 
destructive tests and their uses have been dis- 
cussed. Now the question that most likely would be 
asked is: who may perform these tests? This 
question actually involves more than appears at 
first impression. First of all, nondestructive 
testing personnel must be in one of the following 
ratings; (1) Molder, (2) Machinery Repairman, 
(3) Shipfitter, or (4) Boilermaker. In addition, 
the personnel must be at least an E-5. Attendance 
at Class C, Nondestructive Testing School is 
required. After successful completion of the 
school, personnel must further qualify in each 
test method. To qualify for certification, per- 
sonnel must pass a written test and a performance 
test on each inspection method. After successful 
completion of the tests, personnel are then 
qualified to perform the various inspection tests 
in which they are certified. Therefore, it is 
responsibility of personnel assigned to shop 
93A, Nondestructive Test Laboratory, to examine 
castings in accordance with specifications and ` 
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standards, and to accept or reject castings in 
accordance with their findings. 


TESTING FOR PRODUCTION 


The most useful application of x-rays or 
a-rays, aside from being used as a method 

of inspection, istheiruse in determining the most 
satisfactory foundry casting technique to be used 
for the production of sound castings. For example, 
after one or two castings are made from a new 
design, the casting is radiographed to determine 
areas where shrinkage or other defects are 
present. The shop supervisor, knowing such 
areas, can alter the castingtechnique to eliminate 
the defective areas. For castings that are required 
by specification to be x-rayed, it is highly 
recommended that a technique be used to 
produce sound castings that will be acceptable. 
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18,89 
Figure 12-6. — Radiographic film revealing gas and blow holes in a casting. 


A proper casting technique will save man 
man-hours, and there will be fewer castings 
rejected. For example, one of the tenders on the 
east coast has to cast approximately 160 drag 
links, that were used in connection with the 
main vent operating gear on submarines. This 
task was accomplished when a submarine cam 
in for an upkeep period. The pattern was made 
and the foundry could produce approximately 
eight drag link castings a day. However, after 
these eight castings were x-rayed, all of them 
were rejected due to excessive shrinkage. 

Different casting techniques were then used. 
Four different molds were made and each mold had 
a somewhat different gating and riseringtechnique 
After casting, the drag links were marked for 
identification and photographs were made of each 
casting. After the castings were x-rayed, the 
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technique which produced the best casting was 
used for mass production; 95 percent of these 
castings passedthe radiographic inspection. Thus, 
the selected casting technique proved without a 
doubt to be a time saving aid to the molder in 
producing sound and radiographicly acceptable 
castings. | 

Let's assume now that you have useda casting 
technique that produced radiographicly acceptable 
castings. Six months later, after you have been 
transferred, the same job must be accomplished 
again. Could the new shop supervisor reproduce 
castings by the same technique? The answer 
to this question is yes, if records on the various 
techniques are kept. Technique records are 


probably the most valuable of all insofar as 
avoidance of casting defects is concerned. A 
photographic record and suitable sketches or 
drawings should be made; these should show the 
exact method of gating and risering for each 
casting. Sufficient information must be recorded to 
permit exact repetition of the technique even 
after considerable time has elapsed, and by 
entirely differently personnel. À very important 
requirement is that records of all UNSUITABLE 
methods be so marked and filed with those 
records of correcttechniques. The latter require- 
ment is necessary in order to avoid repetition 
and trial of methods preveiously found to be 
incorrect. 
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Chapter 13 
HEAT TREATMENT OF CASTINGS 


. One of the post solidification operations that 


may be specified for castings is heat treatment. 
Heat treatment is a general term for all the 
processes by which a metal or alloy is heated 
and cooled in the solid state for the purpose of 
producing desired properties in the material. 
Heating metals and alloys for other purposes 
(casting, forming, shaping, etc.) is not considered 
heat treatment in the true sense of the term. 
The basic purpose of all heat treatment is 
to CHANGE the properties of the metal in some 
particular way. The change may be required 
in order to improve the metal for its intended 
service, to facilitate the accomplishment of 
some subsequent operation such as machining, 
or to relieve stresses in the material. Heat 
treatment is commonly used to develop or change 
such properties as hardness, strength, ductility, 
toughness, machinability, wear resistance, brit- 
tleness, electrical conductivity, or magnetism. 
You know enough about metals and alloys to 
know that no single heat treating operation could 
be used to produce all of these changes. In 
fact, improving a metal in one way very often 
changes it undesirably in some other way. For 
example, hardening and tempering a carbon 
steel will increase the tensile strength, the yield 
strength, and the notch toughness; at the same 
time, however, it may reduce the ductility, as 
measured by percent elongation. Therefore, heat 
treating cannot be successful unless you know 
exactly what properties you want to develop, 
what properties you can afford to sacrifice, and 
exactly how to produce the required properties 
in the particular metal you are working with. 
Since heat treatment alters the properties of 
metals by altering the basic crystalline or grain 
structure, a real understanding of heat treatment 
requires an extensive background knowledge of 
metallurgy. From a practical point of view, you 
may be able to operate heat treating equipment 
without understanding why and how heat treatment 
changes the properties of metals; however, you 
will never be in a position to make any decisions 
regarding heat treatment unless you have a sound 
theoretical knowledge as well as the practical 
skill. 


EFFECTS OF HEATING, HOLDING, 
AND COOLING x 

If we want to obtain different structures in an 
alloy in order to obtain different properties, we 
do this by (1) heating the material at a certain 
rate to a certain temperature, (2) holding or 
soaking it at this temperature for a specified 
length of time, and (3) cooling it at a specified 
rate. Thus the three major factors involved in 
all heat treating processes are rate of heating, 
holding or soaking time, and rate of cooling. A 
fourth factor—the chemical composition of the 
material surrounding the alloy during heat treat- 
ment—is important in nearly all heat treating 
processes. 

The rate of heating determines the tem- 
peratures at which changes will occur in the 
material as it is heated. Increasing the — 
of heating raises the temperatures at which the 
transformations occur. Within certain limits, 
the faster the material is heated the higher 
its transformation temperatures will be. The 
temperature to which the material is raised 
and the time it is held at this temperature affect 
the size of the grains in the final structure. 
The rate of heating also partially determines 
whether or not stresses will be set up in the 
material by the process of heating. 

The holding time (or soaking time) at tem- 
perature is important for a number of reasons. 
The holding time must be sufficient to allow all 














parts of the piece to come to a uniform tem- 


perature, except in those cases involving loca- 
lized hardening of certain areas. If the rate of 
heating is very slow, uniformity of temperature 
may be reached with a short holding time. But 
if the rate of heating is rapid, a longer holding 
time will probably be required. In any case, hold- 
ing time must be sufficient to allow the required 
transformations to take place. As notedin chapter 
8, the transformations do not occur instantaneous- 


— — — — — 


ly but require a definite time for completion. 


The rate of cooling is tremendously important 
in most heat treating processes. Accelerating the 
rate of cooling lowers the temperatures at which 
the transformations occur; and the lower the 
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ransformation temperature, the stronger and 
harder the final product will be. Very rapid cool- 
ing does not allow time for the transformations 
to be completed in the normal manner, and this 
results in quite different structures than those 
obtained by very slow cooling of the same material. 
Although it is oversimplifying things slightly, 
it is reasonably accurate to say that most heat 
treatment is possible only because the rate of 
cooling has such a profound effect upon the final 
structure of the material. 

In plain carbon steels, the properties of the 
material are largely determined by the form and 
distribution of the ferrite and the cementite. 
Most heat treatment of plain carbon steels con- 
sists of heating the material slightly above its 
transformation temperature, holding it at this 
temperature until it is completely austenitic, and 
then cooling it at the rate required to produce a 
particular kind of structure. Thus austenite, a 
solid solution of carbon and gamma iron, might 
be considered as the basis from which all plain 
carbon steel structures are derived. 

The very slow cooling of austenite down to 
room temperature produces structures which are 
combinations of ferrite and cementite. The par- 
ticular combination depends upon the percentage 
of carbon in the alloy. With less than about 
0.83 percent carbon, the structure is a com- 
bination of ferrite and pearlite (fig. 13-1). With 
just about 0.83 percent carbon, the structure is 
entirely pearlitic. With more than 0.83 percent 
carbon, the structure is a combination of pear- 
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18.91 
Figure 13-1.— Typical structure of low carbon 
Steel containing less than 0.83 percent carbon. 


PEARLITE 





CEMENTITE OR IRON CARBIDE 


| | 18.92 
Figure 13-2.— Typical structure of steel con- 
taining more than 0.83 percent carbon. 


lite surrounded by cementite at the grain bound- 
aries (fig. 13-2.) 

What happens if we increase the rate of 
cooling? With extremely rapid cooling, it is 
sometimes possible to depress the transformation 
point below room temperature. In such cases, 
the austenite is ‘‘trapped’’? as austenite at room 
temperature. Sometimes the austenitic structure 
is desirable; other times it is not wanted but is 
merely an accidental result of too rapid quench- 
ing. Steels that are austenitic at room temperature 
are nonmagnetic, corrosion resisting, and rela- 
tively ductile. If these are the properties we want, 
fine. But if we want some properties that are not 
obtained by an austenitic structure, then the pres- 
ence of austenite is merely an expensive mistake. 

If the steel is cooled rapidly but not quite 
rapidly enough to retain the austenitic structure, 
quite a different structure will result. The aus- 
tenite will be retained until the material reaches 
a temperature somewhere between 1100° F and 
room temperature. At this point there is an 
extremely sudden transformation from austenite 
to a structure called MARTENSITE, Martensite 
is avery hard and highly stressed structure that 
is something like a solid solution and something 
like a mechanical mixture. It is formed at the 
moment that gamma iron changes to alpha iron. 
Since gamma iron can hold a great deal more 
carbon in solid solution than alpha iron can, the 
change from gamma iron to alpha iron causes 
a sudden dispersion of very fine particles of 
carbon. Because the transformation from aus- 
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tenite is so rapid, these fine particles of carbon 
are trapped throughout the structure. Figure 
13-3 shows the typical needle-like structure of 
martensite. 


Various other structures —chiefly forms of 
pearlite — can be produced by varying the cooling 
rate for plain carbon steels. Figure 13-4 illu- 
strates the general effect of rate of cooling on 
the structures produced from austenite. Notice, 
also, that this figure shows how the rate of 
cooling affects the point at which the austenite 
transforms. 


The rate of cooling is controlled by selecting 
an appropriate quenching medium and cooling 
procedure. Fresh water, brine, oil, and caustic 
soda in water are commonly used for rapid quench- 
ing. Slower cooling is obtained by air cooling, by 
packing, and by furnance cooling. Packing con- 
sists of burying the heated metal in sand, ashes, 
or some other substance that is a poor conductor 
of heat. Furnace cooling consists of shutting off 
the heat and leaving the piece in the furance, so 
that the metal and the furnance cool together. 
Ferrous metals are sometimes cooled in baths 
of molten lead or molten salts. Occasionally 
solid materials are used as quenching mediums. 
In each instance, the quenching medium and the 
quenching procedure must be selected on the 
basis of the nature of the material being treated, 





MARTENSITE 


18.93 
Figure 13-3.— Structure of martensite. 


the size and design of the piece, and the prop- 
erties that are required in the final product. 


HEAT TREATING PROCESSES 


The heat treating processes and procedures 
normally used by the Navy molder are des- 
cribed in this section. Information in included 
on homogenizing, annealing, normalizing, harden- 
ing, tempering, stress relieving, and precipita- 
tion hardening. The information is general in 
nature. For specific information on a casting that 
requires heat treatment, refer to the blueprint 
for that casting. The blueprint will normally 
refer you to the appropriate military specifica- 
tion. The specification will outline the heat treat- 
ment processes and temperatures required. 


HOMOGENIZING 


Certain steel castings that will be subjected 
to severe stresses in service are given a pre- 
liminary homogenizing treatment before they 
are given the regular heat treatment specified 
for the castings. Homogenization involves heat- 
ing the steel casting to a temperature well above 
the transformation point, holding it at this temp- 
erature for a relatively long time, and then 
cooling it through the transformation range in 
still air. The purpose of this treatment is to 
eliminate or decrease the nonuniform distri- 
bution of elements in the steel and to develop 
a more uniform grain structure than that which 
existed in the as-cast steel. The high tempera- 
tures used for homogenizing (1850? to 2350° F) 
permit carbon to diffuse uniformly throughout 
the alloy. 

It should be emphasize that homogenizing 
is a preliminary treatment. It is always followed 
by some other form of heat treatment. 


ANNEALING 


The primary purpose of annealing is to soften 
the metal. In addition, annealing refines the grain 
structure and removes internal stresses. The 
ductility of the metal is also increased. 

To anneal a metal, you must heat itto a certain 
temperature, keep it at that temperature for a 
specified length of time, then cool it to room 
temperature. The annealing temperature is usu- 
ally slightly above the transformation point ofthe 
specific metal. Since the grains of the metal re- 
form into small grains at the transformation 
point, heating the metal at this temperature re- 
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Figure 13-4.— Effect of rate of cooling on structures obtained from austenite. 


fines the grain, partially removes stress, and 
softens the metal. The soaking period depends on 
both the mass of the casting and the analysis of 
the metal. The rate at which the metal may be 
cooled for the annealing temperature also varies 
with the analysis of the metal. If the metal forms 
a solid solution on cooling with no subsequent 
precipitation, any manner of cooling usually pro- 
duces the desired softness. If, on the other hand, 
the hardness of the metal depends on the rate at 
which it is cooled from the solution temperature, 
the metal must be cooled very slowly for com- 
plete annealing. Thus, most alloys require slow 
cooling; pure metals may be cooledin any manner. 


In metals which form a mechanical mixture at 
room temperature, slow cooling is necessary to 
allow the precipitate to separate slowly from the 
aolid solution. Thus, steel must be cooled slowly 
So that the carbide can separate slowly from the 
austenite. Otherwise, the carbide will separate 
rapidly, and it will be dispersed into small 
particles; this will cause the metal to become 
highly stressed and hard. When steel is cooled 
slowly, the carbides grow into large particles 
and the metal is softened. The structure in an- 
nealed carbon steel varies with the carbon con- 
tent. As the carbon content increases, there is 

an increase in pearlite and a decrease in fer- 
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rite. With an increase in cementite, there is a 
decrease in pearlite, The analysis of the steel 
also affects the physical properties, some alloys 
being harder than others when annealed. Complex 
carbides in large quantities, as in tool steels, 
prevent the metal from becoming as soft as those 
which contain few carbides. 


To produce maximum softness in steel, the 


metal must be cooled very slowly. This can be 
accomplished by burying the hot part in sand, 
ashes, or some other substance (packing) that 
does not conduct heat readily or by shutting off 
the furnace and allowing the furnace and casting 
to cool together (furnace cooling). Some non- 
ferrous metals must be furnace cooled during 
annealing; some may be cooled in air; and for 
some nonferrous metals, the rate of cooling has 
no effect on the final result. Brass, bronze, and 
aluminum castings do not normally require an- 
nealing. 


Steel 


Navy specifications for class B and low-alloy 


steel castings require that the castings be placed 
in a furnace, the temperature of which is not 
more than 500° F above that of the castings 
and must be uniformly heated at a controlled 
rate to a temperature of 1600? F or above. A 
heating rate of 150? to 200? F per hour is rec- 
ommended. The castings must be held at the 
annealing temperature for a period of at least 
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1 hour per inch of thickest cross section, but 


in no case less than 1 hour. The temperature 
difference between the hottest and coldest part 
of the charge during the holding period must 
not be greater than 75? F. The castings must be 
cooled slowly, in the furnace, from the heat 
treating temperature. When the temperature of 
the hottest part of the charge has fallen to 
500° F above the ambient temperature, the 
castings may be removed from the furnance and 
cooled in still air. When time is a factor, the 
cooling rate of small castings, such as pipe 
fittings or those where dimensional stability is 
not a controlling factor, may be accelerated when 
the temperature of the casting has fallen to 
1000? F. 


Cast Iron 


Occasionally, an ‘‘off-analysis’’ heat or a 
chilled cast iron casting may be produced which 
wil be difficult to machine. As an emergency 


measure, annealing may be used to soften the 
casting and improve the machinability. The an- 
nealing temperatures will vary. If chilled or 
white iron interferes with machinabllity, it may 
be necessary to anneal the casting at 1700° F 
and cool it slowly in the furnace to restore 
machinability. If chill is not present, machina- 
bility can be improved by annealing at 1400° F 
and cooling the casting slowly in the furnace. It 
should be remembered when annealing gray iron, 
casting softness will increase and the physical 
properties will be decreased. 


Monel 


It may be necessary to soften ‘‘S’? Monel to 
permit easier machining, Annealing consists of 
heating at a temperature’ of 1600° F one hour 
and then air cooling to 1300° F in a reducing 
atmosphere followed by either quenching in water 
or. oil. The castings should be heated rapidly to 
the desired temperature and held for the minimum 
time to prevent excessive grain growth. CAUTION: 
The furnace atmosphere must be reducing and 
free of sulfur, and quenching oil must not contain 
over 0.5 percent sulfur. Sulfur is very easily pick- 
ed up by Monel at the high temperatures, and it is 
detrimental to the physical properties. Severe 
intercrystalline attack will occur if the furnace 
atmosphere fluctuates between reducing and oxi- 
dizing. Very intricate castings should be quenched 
in oil. Water quenching produces a slightly softer 
condition than oil quenching. If acastingis simple 
in shape and maximum softness is desired, it is 
sometimes possible to quench directly from the 
1600? F annealing temperature. 





NORMALIZING 


Normalizing is a high-temperature treatment 
for steel castings that are not annealed. Norma- 
lizing differs from annealing only in the manner 
of cooling. In annealing, the casting is cooled 
slowly in the furnace and is softened. In normal- 
izing, the casting is cooled in air and may be 
hardened; cooling by this manner is not drastic 
enough to be considered a quenching or hardening 
process. 

Normalized steels are harder and stronger 
than annealed steels. In the normalized condition, 
steel is much tougher than in any other structural 
condition. Parts which will be subjected to impact 
and those which require maximum toughness along 
with resistance to external stress are usually 
normalized. In normalizing, the mass of metal has 
an influence on the cooling rate and on the resulting 
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structure. Thus, thin pieces will cool faster and 
will be harder after normalizingthanthick pieces; 
in furnace cooling (annealing), the hardness ofthe 
two will be approximately the same. 

Following normalizing, a steel casting re- 
quires a TEMPERING process. This treatment 
removes stresses set up in the casting by the 
nonuniform cooling during the normalizing proc- 
ess. Annealed castings are not tempered. Tem- 
pering is discussed later in this chapter. 

Before hardening steel, discussed later inthis 
chapter, it is advisable first to normalize the 
Steel. Normalizing before hardening gives maxi- 
mum assurance of the desired results in harden- 
ing. Generally, low carbon steels do not require 
normalizing. However, no harmful effects re- 
sult if these steels are normalized. Castings 

are usually annealed rather than normalized. 
However, steel castings are required to be 
normalized if they are not annealed. 


HARDENING 


Many tools and pieces of equipment must 
be hardened before use. Cutting tools, chisels, 
twist drills, and other tools must be hardened so 
that they can retain their cutting edges. Surfaces 
of roller bearings, parallel blocks, and armor 
plate must be hardened to prevent wear and 
penetration. Hardening is used to increase ten- 
sile strength as well as to increase hardness. 
Since hardening increases the brittleness of the 
material, most alloys are tempered after being 
hardened. 

Steels are hardened by being heated to a 
temperature just above the upper transforma- 
tion temperature, soaked long enough to ensure 
a completely austenitic structure, andthen cooled 
rapidly. If maximum hardness is to be developed, 
the austenite must be transformed to martensite. 
Untempered martensite is extremely hard and 
Strong and has great resistance to abrasion. It 
has very poor impact resistance, and it has 
practically no machinability. 

Carbon steels are usually quenched in brine 
or water, in order to ensure rapid cooling. The 
production of martensite in a plain carbon steel 
requires that the steel be cooled to below 
1000? f in less than 1 second, and that the re- 
mainder of the cooling be quite rapid. I* more 
than 1 second is taken for the first part of the 
cooling (to below 1000? F), some of the austenite 
will transform into fine pearlite. Pearlite varies 
in hardness, but in any case it is much softer 
than martensite. If the purpose of the hardening 
is to develop something less than maximum hard- 


ness, the first part of the cooling (to below 
1000? F) must still be accomplished within 1 
second; then the remainder of the cooling must 
be done at a somewhat slower rate. 

The rate of quenching alloy steels depends 
upon the composition of the material. In general, 
a slower quench is used for hardening alloy 
steels than is used for hardening plain carbon 
steels. The usual quenching medium for alloy 
steels is oil. 

Steels must not be overheated and they must 
not be held too long at the required temperature. 
Too high a temperature or too long a holding 
time coarsens the grain structure. 


TEMPERING 


After hardening, most alloys are tempered 
to reduce brittleness and to relieve some of 
the high internal stresses developed during 
hardening. Tempering always follows, rather 
than precedes, the hardening process. Tem- 
pering is occasionally done after materials have 
been normalized, but its major use is after 
hardening. 

In high speed steels, tempering increases 
hardness. In all other materials, however, tem- 
pering causes an unavoidable loss of some 
hardness. The amount of hardness removed by 
tempering depends upon the tempering tempera- 
ture; the higher the temperature, the softer the 
material will be. 

Tempering is always done at temperatures 
below the lower transformation point. In this 
respect, tempering differs from hardening, an- 
nealing, and normalizing, which all involve heat- 
ing the material to temperatures above the upper 
transformation point. | 

The temperatures used for tempering are 
selected on the basis of the properties required 
in the final product, For example,permanent 
magnets are tempered at 212? F because they 
must retain considerable strength and hardness. 
Many cutting tools are tempered at 430? F or 
below so that they will retain hardness. Bat- 
tering tools must have great impact resistance 
and must be able to cut or penetrate metal; 
therefore, battering tools are tempered between 
450° and 600° F even though the higher tempera- 
tures mean some sacrifice of hardness in order 
to produce impact resistance. Springs are tem- 
pered between 600° and 900? F because the 
property of elasticity is more important in a 
spring than the property of hardness. Tools made 
of high speed steels are tempered at 1050? 
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to 1100° F. Note,-however, that with high speed 
tools the high tempering temperature increases, 
rather than decreases, hardness. This increase 
in hardness occurs because high speed steels 
retain austenite during quenching; when the hard- 
ened steel is tempered, the austenite changes 
to martensite. 


Since tempering utilizes temperatures below 
the lower transformation point, the rate of 
cooling generally has no effect upon the structure 
of the material. However, some nickel-chromium 
steels and a few other special steels become 
brittle if they are heated to the tempering tem- 
perature and then allowed to cool slowly. These 
steels, which are often called ‘‘temper brittle’’ 
or “blue brittle? steels, must be quenched 
rapidly from the tempering temperature in order 


‘to prevent brittleness. In general, however, 


steels are cooled slowly from the tempering 
temperature by cooling in still air. 


Tempering is usually done before the material 
has completely cooled from the hardening proc- 
ess. The holding time at temperature varies 
according to the thickness of the material, but 
the minimum time is about 1 hour. If the part 
is more than an inch thick, the holding time 
should be increased by about 1 hour for each 
additional inch of thickness. 


STRESS RELIEVING 


Stresses are caused by differential cooling 
and the resistance of the sand to the contraction 
of the casting. No casting is entirely free of 
internal stress. Even a casting having a simple 
design and uniform thickness has some internal 
stress, because the surface cools more rapidly 
than the interior. In this case, though, the 
stresses are negligible and do not interfere 
with the serviceability of the casting. When 
sections, of the casting differ in size and in 
cooling rates, the internal stresses that develop 
may be sufficient to cause the casting to crack 
when it is placed in service. As a consequence, 
many specifications require that castings be 
stress relieved even though other heat treat- 
ing processes are not required. Stress relieving 
is used to improve dimensional stability and 
increase available strength by decreasing resid- 
ual stresses. Stress relieving can be applied to 
all castings. In order to stress relieve a casting, 
cooling must be slow in the furnace; the stress 
relieving process usually has little effect on 
hardness. 





Cast Iron 


Stress relieving involves temperatures below 
the transformation point of ferrous metals. The 
main factors are the temperatures of the treat- 
ment and the time the part is held at that tem- 
perature. Stress relief becomes more effective 
as the temperature is increased. With gray cast 
iron, the percentage of stress relief at tem- 
peratures below 750° F is negligible. Above this 
temperature, the percentage of residual stress 
relieved increases rapidly with increases in 
temperature. Since structural changes resulting 
in property changes begin to occur at tempera- 
tures around 1000° F and since internal structur- 
al changes are not usually desirable in gray cast 
iron, the stress relief temperature selected 
should give the greatest possible stress relief 
with the least possible change of properties. 
The temperature best suited for the stress 
relief of gray cast iron is 950° F. At this tem- 
perature, from 60 to 90 percent of the original 
internal stress is relieved and a minimum of 
structural change occurs. 

The stress relief treatment of gray cast 
iron is accomplished by heating the casting 
slowly and uniformly to a temperature of at 
least 900° F and not over 950° F. Allow the 
part to remain at the desired temperature (hold- 
ing or soaking) no less than 1 hour for each 
inch of thickness of the thickest section. Then 
allow the part to cool very slowly in the furnace 
to approximately atmospheric temperature. Since 
the majority of stress relief occurs during the 
first hour after the part attains the proper tem- 
perature, it is essential that hold time be counted 
from the time the casting, not the furnace, 
reaches the stress relieving temperature. 

Another essential factor is slow cooling. If 
the part is cooled rapidly, new internal stresses 
develop. The proper cooling rate, like hold or 
Soak time, depend on the thickness of the cast- 
ing. The thicker the casting, the slower the 
cooling rate required. A suitable rate for a 
casting having a l-inch wall thickness is 400? F 
per hour. For other thicknesses, divide this 
rate by the thickness of the heaviest section. 
Thus, a 1/2 inch section may be cooled at a 
rate of 800? F per hour while a 2 inch section 
requires cooling at a rate of 200° F per hour. 


Manganese Bronze 
Stress relief of manganese bronze is ac- 


complished by heating the metal between 600° 
to 1000° F. The amount of time the casting 
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should be soaked at the stress relieving tem- 
perature depends on the sectional thickness of 
the casting. After stress relieving, the casting 
is slowly cooled. Stresses in manganese bronze 
are sometimes caused by variation in sectional 
thickness of the casting design. 


Other Metals 


Stress relief of bearing bronze is sometimes 
performed in order to stabilize the dimensions 
of the casting during the machining operation. 
Usually a temperature of 500? F to 550? F (hold- 
ing temperature) held for one hour will stabilize 
the dimensions. Temperatures as low as 500? F 
to 600° F will relieve most stresses in brass, 
bronze, and aluminum castings. Slow, uniform 
cooling is essential to avoid the redevelopment 
of internal stresses. 


PRECIPITATION HARDENING TREATMENT 


The hardness and strength of a nonferrous 
alloy may be increased by a process called 
precipitation hardening treatment. This process 
normally involves two steps. The first step 
is called solution treatment, a process of heat- 
ing the metal to a suitable temperature, holding 
it at that temperature for a specified length of 
time, and then quenching the alloy rapidly. After 
the solution treatment, the alloy is relatively 
soft, has homogenous grains of a solid solution, 
and appears microscopically as a pure metal. 

The object of solution treatment is to dissolve 
the alloying elements in each other as much as 
possible. This can be accomplished by heating 
the metal to a temperature that will cause dif- 
fusion, and thus retain a temperature that will 
cause diffusion, and thus retain a supersaturated 
solution by rapid quenching. A supersaturated 
solution is one in which more material is held 
in solution than could normally be held at the 
existing temperature. Because the solid solution 
is supersaturated, it is not perfectly stable; and, 
under some conditions, some of the dissolved 
elements will precipitate out of the solid solu- 
tion. Thus aging, or precipitation treatment, is 
given to cause separation of a second phase from 
the solid solution and thereby cause hardening. 

The second step, called AGING or PRE- 
CIPITA TION treatment, is the process that actu- 
ally improves strength and hardness properties 
of the alloy. The object is to get some of the 
solid elements to precipitate out of the solid 
solution, thereby improving strength and hard- 
ness. In many alloys, this precipitation takes 


place at room temperature. When precipitation 
is complete and the alloy reaches full hardness 
and strength, it is said to be age hardened 
(natural aging). Other alloys will not precipi- 
tate at room temperature but must be given a 
second heat treatment called the PRECIPITA- 
TION treatment (artificial aging). 


Aluminum 


The hardness of pure aluminum cannot be 
increased by heat treatment. When certain other 
elements are added, however, the resulting high- 
strength alloys can be hardened by heat treat- 
ment. One of the more important of the elements 
added to aluminum to produce the various alumi- 
num alloys is copper. In addition, aluminum 
alloys contain small and varying amounts of 
manganese, magnesium, silicon, and iron. In 
one of the stronger alloys, zinc is used as an 
alloying element in conjunction with copper. 

When alloying elements are added to alumi- 
num, various chemical compounds are formed 
within the metal. Some of these compounds have 
important effects on the alloy when it is heat 
treated; others are ignored during heat treat- 
ment. The copper content is of primary in- 
terest to the heat treater, since itis the known 
effect of the copper-aluminum compound, copper 
aluminide (Cu Alg) that causes the marked in 
crease in hardness and strength when aluminum 
alloys are heat treated. The action of copper 
aluminide in aluminum is similar to that of iron 
carbide in steel. As the copper content increases 
in aluminum, the amount of copper aluminide in- 
creases and its effect is more pronounced. The 
maximum copper content in any of the aluminum 
alloys, as specified in Foundry Manual, NavShips 
250-0334, is approximately 5.0 percent. 

The aluminum-copper equilibrium diagram in 
figure 13-5 shows graphically the changes which 
occur during the heating of aluminum alloys which 
contain copper. At temperatures below those 
represented by the solubility curve, the alloy is 
a mixture of copper aluminide in the aluminum- 
copper solid solution. Above this curve and below 
the solidus curve the alloy is a solid solution. 
At the temperatures represented by the solidus 
curve, the alloys begin to melt and are completely 
liquid at the temperatures represented by the 
liquidus curve. 

As you can see from the aluminum-copper 


equilibrium diagram, the solubility of copper in 


aluminum increases with an increase in tem- 
perature. At room temperature, less than one- 
half of one percent copper is soluble in alumi- 
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Figure 13-5.— Equilibrium diagram for alumi- 
num-copper alloys. 


num; at the eutectic temperature of 1018? F, 
a maximum of 5.65 percent copper is in solution. 
In heat treating aluminum alloy, the two factors 
you must consider are temperature temperature 
and time. You must heat the alloy tothe tempera- 
ture at which all of the copper is soluble in the 
aluminum and keep it at that temperature until 
the copper aluminide is dissolved into the solid 
solution. Heating to the temperature indicated by 


the solubility curve produces the desired effect, 


providing the alloy remains at the solution 
temperature for a specified length of time. 

Great care and accurate instruments are 
essential to ensure maximum solubility of copper 
aluminide without overheating. Heating totemper- 
atures higher than those represented by the 
solubility curve causes an increase in grain size. 
Still more harmful are the small eutectic pools 
which form within the grains when the metal is 
overheated. This condition cannot be corrected 
by heat treatment. 

After an aluminum alloy has been soaked at 
the solution temperature for the required time, 
the metal must be cooled rapidly enough that the 
solid solution will be retained at or near room 
temperature. Therefore, as the final step in the 
solution treatment, the metalis quenched in clean, 
cold water. Immediately after quenching, a cor- 
rosion-resistant film of aluminum oxide forms 
on the surface of the metal. 

When an aluminum alloy is quenched from the 
solution temperature, a supersaturated solid 





solution is trapped at room temperature. If the 
alloy will precipitate at room temperature, sub- 
microscopic particles of copper aluminide sepa- 
rate from the solid solution and begin to migrate 
throughout the grains. Copper aluminide is much 
harder than aluminum or copper and it is this 
compound which causes the increase in hardness 
and strength when an aluminum alloy is heat 
treated. As precipitation progresses, the metal 
continues to increase in hardness and strength. 
Generally, the metal must be aged four days 
at room temperature to develop maximum 
strength. 

For aluminum alloys which will not pre- 
cipitate at. room temperature, the precipita- 
tion treatment must follow the solution treat- 
ment. The precipitation treatment consists of 
heating the alloy to an elevated temperature, 
soaking the metal until precipitation is com- 
plete, and then cooling it in alr. The results 
of the precipitation treatment are the same 
as those produced by natural aging in alloys 
which precipitate at room temperature. 

Reheating aluminum alloys which have been 
heat treated cause an immediate loss of cor- 
rosion resistance at 212? F. When heated above 
212° F, the alloy is softened as the copper 
aluminide segregates into larger particles leaving 
the softer matrix of the aluminum-copper solu- 
tion. 

Aluminum alloys in classes 1, 3, 4, 7, and 
8 (see Molder 3 & 2, NavPers 10584-B) can be 
treated. The heat treatment involves a softening 
of the alloys by a solution heat treatment followed 
by quenching in warm water. Then an appropriate 
aging treatment is accomplished to harden the 
metal. 

Class 1 aluminum alloy requires a natural 
aging or an artificial aging treatment. If natural 
aging is performed, the casting is aged for 21 
days at room temperature. If artificial aging 
is performed, the casting is soaked for ten 
hours at a temperature of 356° F. Class 1 
aluminum castings are used when high strength, 
ductility, and resistance to shock are required. 

Class 3 aluminum alloys may require one 
of the following treatments: 


1. ARTIFICIALLY AGE the casting at a tem- 
perature of 435? to 445? F from 7 to 9 hours. 
Artificially aged castings will have a tensile 
strength of 23,000 psi. 

2. If a SOLUTION TREATMENT is in order, 
uniformly heat the casting to a temperature 
of 980? to 1010? F, soak it at this temperature 
for 12 hours, then quench in hot water. After 
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natural aging at room temperature for 48 to 
96 hours, the casting will have a tensile strength 
of 25,000 psi and 3 percent elongation. 

3. For maximum tensile strength, the SO- 
LUTION treatment and ARTIFICIAL AGING 
treatment process are used. The solution treat- 
ment process is performed as outlined in the 
tbove paragraph. The casting is then artifi- 
cially aged at a temperature of 310° F for 3 
to 5 hours. This treatment of the casting will 
produce a tensile strength of 30,000 psi and 
3 percent elongation. 

For general treatment process of class 4, 
7, 8, and 9 aluminum alloys, refer to the 
Foundry Manual, NavShips 250-0334. 


Copper Base Alloys 


Brass alloys will not respond to a pre- 
cipitation hardening treatment, but they should 
be stressed relieved or annealed. However, 
annealing is not a normal practice for as-cast 
castings. 

Bronze castings, as specified in the Foundry 
Manual, NavShips 250-0334, are not heat treat- 
able, except for annealing and stress relieving. 
However, aluminum bronze containing over 10 
percent aluminum will respond to precipitation 
hardening. . 

For precipitation hardening of aluminum 
bronze, first perform a solution treatment. This 
can be accomplished by heating the metal at 
1450? F to 1700? F, and quench the metal in 
water. To cause precipitation, reheat the alloy 
and cool it in air. The temperature to which the 
alloy must be heated during the precipitation 
treatment, normally from 1000? F to 1250? F, 
varies with the thickness of the part. The tem- 
perature is usually held for one hour; then the 
alloy is quenched in water. This treatment will 
increase strength and hardness. 


Monel 


Modified S Monel can be precipitation hard- 
ened. To harden this type alloy, soak at a 
temperature of 1100? F for 4 to 6 hours. The 
alloy is then either furnace cooled or air cooled. 





HEAT TREATING EQUIPMENT 


The equipment required for heat treating 
consists of furnaces or other heating devices, 
quenching baths or other cooling devices, tem- 
perature controls and indicators, and other con- 
trols and indicators required for the proper 
operation of the equipment or for the control 
of the process. In addition, heat treating equip- 


ment includes tongs and other devices for han- 
dling and holding the work while it is being 
heated and cooled. 


The type of heat treating equipment that 
you are required to use depends upon where 
you are stationed. On board ship, of course, 
heat treating equipment is less elaborate than 
at many shore stations. Repair ships have fairly 
complete equipment for heat treating, but most 
other ships do not. On ships which have no real 
heat treating equipment, the occasional heat 
treating that must be done is accomplished with 
improvised ovens and improvised quenching baths. 
Obviously, heat treatment is something less 
than an exact science when such improvised 
equipment is used. However, even with impro- 
vised equipment it is possible to do a good job 
if you understand the principles of heat treat- 
ment, know exactly what you want to do to the 
structure of the metal, and understand the limi- 
tations of the equipment. | 

Because heat treating equipment varies so 
widely, it is not practicable to describe all 
types or to give operating instructions for all 
types in this training course. The equipment 
described here is typical of heat treating equip- 
ment that you may be required to use, but it 
does not by any means include all possible types 
of equipment. If you are required to heat treat 
metals, find out all you can about the equipment 
that is available before you begin to use 1t. The 
instructions furnished by the manufacturer are 
usually your best— and sometimes your only — 
source of authoritative information on a specific 
item of heat treating equipment. 


HEATING EQUIPMENT 


Equipment designed for the heating of metals 
includes electric furnaces, fuel-fired furnaces, 
bath furnaces, and devices for the measurement 
and control of temperature. Improvised heating 
devices may include oxyacetylene torches, Hauck 
burners, forges, and temporary ovens construct- 
ed of firebrick and sheet asbestos. 

The gases that circulate through the furnace 
heating chamber and surround the metal as it 
is being heated make up the FURNACE AT- 
MOSPHERE. By controlling the composition of 
the furnace atmosphere, it is possible to pro- 
duce the type of atmosphere best suited for the 
heating of a particular type of metal. Furnace 
atmospheres are generally classified as being 
oxidizing, reducing, or neutral. 

An OXIDIZING ATMOSPHERE exists when 
excess air is circulated through the furnace. 
Some electric furnaces are so designed that 
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they operate with an oxidizing atmosphere at 
all times. In a fuel-fired furnace (gas or oil) 
an oxidizing atmosphere may be produced by 
introducing more air into the heating chamber 
than is required for the combustion of the fuel. 
An oxidizing atmosphere is indicated by bright, 
clean walls and a clear, transparent atmos- 
phere in the furnace. Metals heated in an oxi- 
dizing atmosphere may develop films of metal 
oxides on the surface. In some cases this is 
undesirable; but in other cases it is desirable 
because it tends to prevent further decarburi- 
zation of the metal. (Decarburization is a term 
used to describe loss of carbon from the sur- 
face of ferrous metals, with consequent soften- 
ing of the material.) 

The term REDUCING ATMOSPHERE is used 
to describe a furnace atmosphere which tends 
to remove oxygen from the surface of the metal. 
A reducing atmosphere is often desirable in 
heat treatment, since it tends to prevent oxide 
formation and other surface deterioration. If 
decarburization of steel is to be avoided, how- 
ever,a neutral atmosphere rather than a re- 
ducing or oxidizing atmosphere is used. 

The term NEUTRAL ATMOSPHERE is used 
to describe a furnace atmosphere which is 
neither oxidizing nor reducing because it con- 
tains no oxygen (oxidizing agent) and no carbon 
monoxide (reducing agent). In reality, other 
factors often tend to produce either oxidation 
or decarburization; therefore, an atmosphere 
which is described as neutral may not always 
really be neutral. 

The furnace atmosphere may be the natural 
result of the combustion of the fuel (gas or 
oil or it may be the result of the deliberate 
introduction of a gas or a mixture of gases 
into the heating chamber. When gases are de- 
liberately introduced into the heating chamber 
for the purpose of controlling the atmosphere, 
the furnace is said to have a CONTROLLED or 
PROTECTIVE ATMOSPHERE. 


Electric Furnaces 


Electric furnaces with controlled atmosphere 
are frequently used for heat treating on repair 
ships and tenders. Quite often two such units 
are used on the same ship; one is a relatively 
low-temperature furnace for preheating or an- 
nealing, and the other is a higher temperature 
furnace used for hardening. Both types are 
equipped with control devices for regulating 
temperature. The high temperature furnace may 
also be equipped with rheostats which provide 


a means of increasing the rate of heating. A 
typical electric furnace for shipboard use is 
shown in figure 13-6. An exploded view of a 
slightly different type of electric furnace is shown 
in figure 13-7. 

The outer casing of the furnace is usually 
of sheet steel. Just inside the casing is a 
layer of insulating material such as mica, spun 
glass, or asbestos. Inside this insulating ma- 
terial there is a lining of refractory material 
such as firebrick and insulating brick. The 
refractory lining insulates the furnace, helps 
to maintain the required high temperatures, 
and supports the heating elements and the hearth 


plate. 


The heating elements of an electric fur- 
nace are metal or silicon carbide resistors, 
in the form of bars or tubes. Metallic resistors 
made of nickel-iron-chromium may be used for 
temperatures up to about 2000? F. Molybdenum 
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13-6.— Controlled atmosphere electric 
furnace for heat treating. 
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or tungsten resistors may be used for tem- 
peratures up to 3100? F, if a hydrogen atmos- 
phere is provided in the furnace. As a rule, 
silicon carbide resistors are used for tem- 
peratures over 2000? F. 

Hearth plates are placed on the bottom of 
the heating chamber to support the pieces being 
heated. Hearth plates must withstand high tem- 
peratures without sagging or scaling. They are 
often made of a special nickel-chromium heat 
resisting alloy. If the furnace is designed for 
the heat treatment of high speed steels, the 
hearth plate may be made of a carbon and 
silicon product. 

Grids, usually made of iron-chromium-nickel 
alloy, are used to keep heavy or long sections 
of material off the hearth plate. The use of 
grids ensures more uniform heating of the 
material and tends to prevent warping. A grid 
for an electric furnace is shown in figure 13-8. 

A special type of electric furnace known 
as an AIR-CIRCULATING FURNACE is some- 
times used for stress-relieving and for heat 
treatment of nonferrous metals. This type of 
furnace contains no heating elements in the 
chamber where the material is heated; instead, 
air is heated in an adjacent chamber and is then 
passed through ducts into the chamber in which 
the material is placed. The circulation of air 
in this type of furnace is usually sufficient to 
provide between 350 and 600 complete changes 
of air per minute. The heated air usually passes 
vertically through the furnace load. Air-cir- 
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Figure 13-7.— Exploded view of electric furnace used for heat treating. 


culating furnaces are relatively low-temperature 
units, usually designed to operate at tempera- 
tures ranging from 275° F to 1250° F. Tem- 
perature control is both accurare and rapid; 
the maximum temperature variation is seldom 
more than plus or minus 5° F, and very rapid 
changes to a higher or lower temperature are 
possible. 

In operating and maintaining an electric heat- 
treating furnace, observe the following precau- 
tions: 

1. Do not allow a conductor (apiece of metal, 
for example) to short circuit the heating ele- 
ments. 

2. Do not try to heatthe furnace to a tempera- 
ture higher than the temperature specified by 
the manufacturer. Do not overload the furnace. 

3, Keep the interior of the furnace clean. 
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Figure 13-8.—Grid for heat treating furnace. 
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4, Inspect the entire unit at frequent inter- 
vals; replace defective parts immediately. 

5. Open and close the furnace door care- 
fully, to avoid damaging the insulation or other 
parts of the furnace. 

6. Observe all safety precautions appropriate 
to electrical equipment in general, and all special 
instructions given by the manufacturer. Electric 
furnaces carry heavy amperage and high voltage. 
They can be dangerous if operating instructions 
and maintenance procedures are not correctly 
followed. 


Fuel-Fired Furnaces 


Furnaces which are heated by the combustion 
of a fuel gas or a fuel oil are referred to as 
fuel-fired furnaces. Although fuel-fired furnaces 
are not commonly used for heat treating on 
board ship, they are used in some heat treat- 
ing shops at shore stations. 

In design and construction, fuel-fired fur- 
naces are generally quite similar to electric 
furnaces. The actual heating equipment, of course, 
is different; burners are used in fuel-fired fur- 
naces instead of the heating elements used in 
elelectric furnaces. Another difference is that 
special containers called MUFFLES are used 
in fuel-fired furnaces to protect the work from 
direct exposure to flame or excessively hot 
combustion gases. 

Always follow the manufacturer's instruc- 
tions in operating and maintaining a fuel-fired 
furnace. The following general precautions should 
e observed in connection with furnaces which 
are heated by gas or oil: 


1. Open all doors before lighting the bur- 
ners. 

2. Purge the furnace by blowing through 
t with air from the blower before lighting the 
urners. Be sure that the fuel oil or gas valves 
are closed while you are purging the furnace. 

3. When shutting off any type of oil or gas 
urner, shut off the fuel supply before shutting 
off the air supply. 

4, Inspect burners frequently, and remove any 
scale or other material that may be clogging the 
urners. 

9. Inspect the entireunit at frequent intervals; 
replace defective parts immediately. 

6. Inspect all pipes and joints at regular in- 
tervals; keep them in good repair. 

7. Do not overload the furnace. Consult the 
manufacturer's instructions concerning proper 
loading. 
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8. Observe all appropriate safety precautions 
in connection with the use, handling, transfer, and 
stowage of the fuel. 


Bath Furnaces 


Various types of liquid baths may be used for 
heating metals. A bath furnace is merely a melt- 
ing pot or crucible filled with salt, lead, or oil. 
The bath material is melted and maintained at a 
constant temperature by electric resistors. Fig- 
ure 13-9 shows the general arrangement of a bath 
furnace. Various salts are usedin furnaces of this 
type; the particular salt selected for any applica- 
tion depends upon the melting point ofthe salt and 
the practicable range through whichthe liquid salt 
can be heated. 


The following instructions and precautions 
should be observed in connection with the use of 
bath furnaces: 


1. Before melting solid salts, remove the 
Steel wedge from the center of the frozen salt 
cake. If the wedge is stuck to the cake, loosen it 


by tapping it on each side. 


2. Heat solid salts slowly. They melt slowly, 
and if you try to make them melt rapidly you will 
merely overheat the crucible and the salt nearest 
the crucible. | | 

3. If possible, addnew salts before the metling 
starts. If it is necessary to add new salts after 
some of the bath material has already melted, pre- 
heat and dry the new salts before adding them. 


AUTOMATIC TEMPERATURE CONTROL 





PYROMETER 
š NOD, 
THERMOCOUPLE J 
CRUCIBLE Li 
CONTROL 
SWITCH 


HEATING ELEMENTS 
FIREBRICK OVEN 





18.98x 
Figure 13-9.— General arrangement of bath fur- 
nace used for heat treating. 
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4. Before placing metal parts or tools in a 
molten bath, preheat the metal to at least 250? F. 
Undetected moisture on any metal part would 
cause violent popping and sputtering ofthe molten 
salts when the metal was immersed. As a result 
of this popping and sputtering, you could be 
severely burned by the molten salts. 

9, Use only the correct kind of salts of the 
required purity in bath furnaces. DO NOT MIX 
DIFFERENT KINDS OF SALTS! Violent explo- 
sions have resulted from the accidental mixing of 
different kinds of salts. Tools and parts must be 
completely cleaned of all traces of salts before 
they are allowed to come in contact with any other 
kind of salts. 

6. If thermocouples extend into the molten ma- 
terial of the bath, be sure to remove them before 
the material solidifies. 

7. Be sure there is adequate ventilation when 
you are using a bath furnace. A sujtable exhaust 
system MUST be provided to remove fumes from 
the space. 

8. Do not allow lead or salts to accumulate 
around bath furnaces. 

9. Be sure the quenching tanks are placed at 
a safe distance from the bath furnaces. 

10. After using a salt bath, place a steel 
freeze wedge in the center of the molten salts 
before allowing the salts to cool. Before the 
salts are used again, the wedge must be removed. 
The opening thus formed in the frozen salt cake 
provides a space for expansion of the salts as 
they heat, and thus allows more rapid melting of 
the salt cake than would be possible without 
the opening. 

11. Use appropriate safety equipment — 
gloves, goggles, and masks, as necessary. 

12. Observe all safety precautions appropriate 
to the materials used in the bath furnaces. SOME 
OF THE SALTS USED IN BATH FURNACES ARE 
DEADLY POISONS! Do not swallow these sub- 
stances. Do not breathe the fumes. Do not allow 
the salts to come incontact with cuts or scratches 
on your skin. 


Temperature Measurement and Control 


The measurement and control of temperature 
is extremely important in all heat treating 
processes. Modern heat treating furnaces are 
equipped with various devices for indicating (and 
in some cases recording) temperatures. Some fur- 
naces are also equipped with temperature con- 
trollers. 

The most commonly used device for measuring 
the temperature in a heat treating furnace is the 


THERMOELECTRIC PYROMETER, This instru- 
ment, shown diagrammatically in figure 13-10, 
consists of a thermocouple, extension leads, and 
an indicating unit. The thermocouple consists of 
two wires or strips of dissimilar metals, twisted 
or welded together at the tip; an extension lead 
from each wire or strip leads to the indicating 
unit. When the thermocouple is heated, an electro- 
motive force or voltage is generated. The indicat- 
ing unit is an extremely sensitive galvanometer; 
capable of registering voltage in thousandths of 
a volt. Since the voltage generated by the heating 
of the two dissimilar metals is proportional to 
the temperature, the indication of voltage is 
actually also an indication of temperature. The 
indicating unit is calibrated in degrees Fahren- 
heit. 

The thermocouple is inserted into the working 
chamber of the furnace, or into the solid material 
in a bath furnace. Iron, copper, nickel, and 
chromium are among the metals used in thermo- 
couples for temperatures up to 2000? F. For 
higher temperatures, a platinum and rare metal 
combination is often used. The extension leads 
are made of the same materials as the thermo- 


couple itself. 
The indicating unit of the pyrometer shows 


the DIFFERENCE between the temperature at 
the hot end of the wires or strips and the 
temperature at the cool end. This means that 
the temperature at the cool end must be known 
and must be either held constant or compensated 
for, if the temperature indication is to have any 


meaning. Some pyrometers are equipped with a 


thermostatically operated control spring which 
makes the required temperature correction auto- 
matically. Other pyrometers have a zero adjuster 
which must be operated by hand. 

Some pyrometers merely indicate the tem- 
perature; others both indicate it and record it. 


THERMOCOUPLE 
(DISSIMILAR METALS) _ 









“CALIBRATED LEADS 
FURNACE WALL 
INSULATION 





18.99 
Figure 13-10.— Thermoelectric pyrometer used 
in heat treating furnace. 
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Most electric furnaces and many fuel-fired fur- 
naces are equipped with pyrometers which are 
controllers as well as measuring devices; this 
type of instrument can be set to develop and main- 
tain any desired temperature within the limits 
of the furnace design. 

Another instrument that you may use for 

measuring the temperature of metals is the 
OPTICAL PYROMETER, This instrument is des- 
Scribed and illustrated in Molder 3 & 2, NavPers 
10584-B, 
.. If youare using improvised heat treating equip- 
ment, you will probably not have any accurate way 
of measuring temperature. Accordingly, impro- 
vised methods of determining temperature will 
have to be used. 

It is possible to estimate the temperature 
of ferrous metals by noting the color changes 
that occur when the material is heated. This 
method is not practicable for nonferrous metals, 
since most nonferrous metals melt before show- 
ing a color change. At best, the color method 
of judging temperatures is largely guesswork. 
However, you should try to dévelop some skill 
in this technique, since it may be the only 
possible method by which you can estimate 
temperature when you do not have adequate 
heat treating equipment. 

The best way to learn how to judge tem- 
perature by the color of the ferrous metal 
is by heating small samples of clean, polished 
Steel under controlled conditions so that you 
can check the color of the sample against the 
actual temperature. Also, study the color charts 
which indicate the relationship between color 
and temperature. (Your perception of the colors 

rill be affected by the color and intensity of the 
ght in the furnace or in the room where you 
are working. Use standard lighting conditions, 
if possible, when estimating the temperature of 
a metal by observing the color.) Charts are 
available in various handbooks and textbooks 
on metals, Table 13-1 is a rough guide to the 
olor-temperature relationships of steel. 

At temperatures below those given in table 
13-1, another type of color determination can 
0e made. If steel is thoroughly cleaned and 
polished, the surface will appear to change 

olor as the material is heated. An oxide film 
forms on the polished surface as the steel 
is heated, and the oxide color corresponds to 

certain temperature. Some oxide colors for 
Steel are given in table 13-2. 

Special temperature indicating crayons or 
other materials may be available for use in 

onnection with heat treatment. These materials 


135.48 


Table 13-1.— Relationship Between Color and 


Temperature of Steel. 


Approximate 

Color* Temperature 
(* F) 
Faint red, visible in darkness. 750 
Faint red, visible in daylight . 900 
Blood Fed 1050 
Dark Cherry 1075 
Medium cherry .......... 1250 
Cherry or full red........ 1375 
Bright red 94e es 1550 
Salmon 405 534 4 99 dy gW 1650 
OPAHge; sss 3 ue md PE eos 1725 
TL erta e ord 2 s A at A ros 1825 
Light Yellow: s % 49 9:58 1975 
WARES o3 uya S b e doe e wei 3o 2200 
Dazzling white .......... 2350 


give a much more accurate indication of tempera- 
ture that can be obtained by merely observing 
the color of the metal. Temperature indicating 
crayons are made of materials that melt rapidly 
and clearly at specified temperatues. À series 
of crayons is supplied to cover a wide range of 
temperatures. 

The crayons are easy to use. Select the 
crayon which is labelled with the temperature 
you want. From time to time, as the metal is 
being heated, stroke the work with the crayon. 
When the metal is below the temperature rating 
of the crayon, the crayon will leave a dry or 


135.49 


Table 13-2.— Oxide Colors for Steel at Various 


Temperatures, 

Approximate 

Color Temperature 
(° F) 
Pale yellow ........ . 35 428 
GLEAW J u EG 4 04 3 4 » ene dha 446 
Golden yellow ........... 469 
BEPOWH.e quis Sp OR TII 491 
Brown dappled with purple .. 509 
Purple 255 u Suk $9066 x aod 53] 
Dark blue; 4639s 550 
Bright blüe. «4.42 V ooo 567 
Pale 610 
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chalky mark on the surface. When the proper 
température is reached or exceeded, the crayon 
will melt quickly, leaving a liquid smear on 
the metal. Don't forget that the crayons indicate 
only the skin or surface temperature of the 


metal, and that the interior of the piece may be 


at quite a different temperature unless the 
piece has been soaking for some time. 


COOLING EQUIPMENT 


As noted before, the rate of cooling is con- 
trolled by selecting an appropriate cooling medi- 
um and cooling procedure. The equipment re- 
quired for cooling includes the substances used 
for cooling, a tank or other container to hold 
the cooling medium, and various kinds of tongs, 
baskets, and other devices for handling and 
holding the work. 

The rate at which a metal cools depends 
upon a number of factors, The size, shape, 
temperature, and composition of the material 
and the temperature and composition of the 
cooling medium are the major factors involved. 
The rate at which a cooling medium can ab- 


sorb heat is also greatly influenced by cir- 


culation; when the cooling medium is agitated, 
the rate of cooling is much faster than when 
the cooling medium is not in motion. The volume 
of the cooling medium is also important. As 
the metal cools, the cooling medium absorbs 
heat; if the volume is insufficient, the cooling 
medium will become too hot to cool the work 
at the required rate. In regular heat treating 
shops, where the cooling mediums must be 
used continuously, mechanical cooling systems 
are used to maintain the cooling medium at 
the correct temperature. 

Liquids, gases, and solids are all used as 
cooling mediums for heat treating operations. 
Table 13-3 shows the relative cooling rates 
of some commonly used liquids and gases. 
Solid materials such as lime, sand, ashes, and 
cast iron chips are sometimes used when the rate 
of cooling must be slower than that produced 
by liquids or gases. 

Liquid quenching is accomplished either by 
still-bath quenching or by flush quenching. In 
STILL-BATH QUENCHING, the metal is cooled 
in a tank of still liquid, the only movement 
of the liquid being that caused by the movement 
of the hot metal. FLUSH QUENCHING is used 
for parts that have recesses or cavities which 
would not be properly quenched by the still- 
bath method. In flush quenching, the liquid is 
sprayed under pressure onto the surface of 


18.122 


Table 13-3.— Average Cooling Rates of Some 


Liquids and Gases Used for Cooling, as 
Compared with Cooling Rate of Water at 
65° F. 


Cooling Rate, as 
Compared to 
Water at 65° F 


Cooling Medium 


10-percent brine solution 


at 65% P 4i ku kus ag. 1.96 
10-percent caustic soda 

solution .......... 1.38 
Water at 65° F........ 1.00 
Prepared ol ise 933 0.44 
USL OAL se. sees causes Ga ey se Pd 0.36 
Cottonseed oil ........ 0.36 
Neatsfoot oil ......... 0.33 
SPOT oll 4 49404: ie. om te 0.33 
Pish (Olle ç ¿x 5 S 3348 us 372 0.31 
Castor Oll .. ........ .. 0.29 
Machine oil .......... 0.22 
Lard oil xxx Z Bs ete, Bete cer 0.19 
Circulated air ........ 0.032 
DET Lal oue d oR, Ray: TRE ae 0.015 


the piece and into every cavity or recess. 
This procedure is often used to minimize dis- 
tortion by providing a relatively uniform quench 
to all parts of the piece. 

Portable quenching tanks of the type shown 
in figure 13-11 are sometimes used in small 
shops that do not have permanent, built-in equip- 
ment; they may also be used in larger shops 
where it is desirable to have tanks that may be 
moved from one place to another. Portable 
quenching tanks may be made with one com- 
partment or with several; when more than one 
quenching medium is to be used, the seal 
between the compartments must be absolutely 
tight in order to prevent mixing of the mediums. 
Each compartment is equipped with a drain 
plug, a screen in the bottom to catch scale and 
other foreign matter, and a mesh basket to 
hold the parts being quenched. The mesh basket 
and the wire screen are suspended in the tank 
and held in position by clips which fit over 
the rim of the tank. A portable electric pump 
may be attached to the rim of the tank to cir- 
culate the liquid. 

Stationary quenching tanks are usually de- 
signed to contain only one liquid. In a stationary 
quenching tank, the mesh basket that holds the 
work is usually raised and lowered by air 
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18.100 
Figure 13-11.— Portable quenching tank for use 
in heat treating. 


pressure and controlled by a three-way air 
valve. The basket can usually be positioned 
at any level, and can be raised above the level 
of the liquid so that the parts can be drained 
after they have been cooled. Stationary quench- 
ing tanks usually have built-in electric pumps 
for agitating the liquid. 

WATER is often used as a quenching medium 
for plain carbon steels and for aluminum and 
other nonferrous metals. The water must be 
kept clean by frequent changing. The temperature 
most often used for water quenching is about 
65° F. Normally, the volume of water in the 
tank should be enough to prevent a temperature 
rise of more than 20* F. When very heavy 
pieces are being quenched, the temperature 
rise may necessarily exceed 20? F: but it should 
always be kept as low as possible. 

BRINE is used for many quenching opera- 
tions. At any given temperature, brine cannot 
hold as much dissolved air as fresh water 
ean hold. With brine, therefore, there are fewer 
air bubbles or gas pockets on the surface of 
the work. Brine wets the surface more thor- 
oughly and thus cools the work more rapidly 
and more uniformly than could be done with 
plain water. 

Brine solutions usually contain from 7 to 
10 percent salt by weight, or 3/4 of a pound 
of salt for each gallon of water. The correct 


temperature for a brine quench ranges from 
65° to 100° F. Plain carbon steels and low 
alloy steels are often quenched in brine. High 
carbon steels and any alloy steels which are 
uneven in cross section must be quenched very 
carefully if brine is the cooling medium; brine 
cools the material so rapidly that great in- 
ternal stresses may develop, with consequent 
cracking. Brine is not used as quenching medium 
for nonferrous metals because of its high cor- 
rosive effect on these metals. 

OIL is used to quench high speed steels 
and oil-hardening steels; it is also the pre- 
ferred quenching medium for almost all other 
Steels, except in cases where the necessary 
hardness cannot be obtained by such a rela- 
tively slow quench. Nonferrous metals are not 
normally quenched in oil, but may be in special 
cases. A wide variety of quenching oils may be 
used, including animal oils, fish oils, vege- 
table oils, and mineral oils. Oils have a slower 
cooling rate than brine or water but a faster 
cooling rate than air or solid materials. Quench- 
ing oils are usually used in the temperature 
range of 80? to 150? F. 

The chief danger involved in quenching with 
oil is that a hot metal piece may raise the 
temperature of the oil to the flash point and 
cause it to burst into flame. A cover should 
always be kept near a quenching tank that is 
used for oil. If the oil flashes into flame, put 
the cover over the tank immediately to smother 
the fire. 

Some water usually collects in the bottom 
of the oil tank. The water does no harm if only 
a small. amount is present. If enough water 
is present so that the work extends into the 
water at the bottom of the tank, the rapid 
quenching action of the water may cause the 
piece to crack. 

CAUSTIC SODA in water is used for some 
steels that require rapid quenching. A 10-per- 
cent caustic soda solution quenches faster than 
water but slower than brine. Nonferrous metals 
are not quenched in caustic soda solutions. 

AIR is used for cooling some high alloy 
steels and some nonferrous metals. Both still 
air and circulating air are used. For either 
method, the work pieces are placed on racks 
or other suitable containers so that all parts 
are uniformly exposed. Air is often circulated 
by means of electric fans arranged in such 
a way as to provide for uniform cooling. Com- 
pressed air is sometimes used to concentrate 
the cooling on particular areas. Compressed 
air used for this purpose must be entirely 
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free of moisture; any moisture at all in the 
air would produce rapid quenching wherever 
it toughed the metal, and this might cause 
cracking or hard spots. 

MOLTEN LEAD at temperatures ranging from 
650° to 1100? F is often used as a first-stage 
quench for high speed steels. A common practice 
is to quench high speed steel in molten lead as 
soon as the work is removed from the furnace, 
and to follow this quench by cooling the part in 
still air to about 200? F before tempering. 
Molten lead is not used as a quenching medium 
for nonferrous metals. 

MOLTEN SALT at temperatures rangingfrom 
300° F to 1000? F is sometimes used asa 
quenching medium for steels which tend to 
crack or distort from more sudden quenches. 
The final cooling from the temperature of the 
molten salt bath is accomplished in still air. 
All traces of the salt must be washed from 
the steel in order to prevent corrosion. Molten 
salt is never used as a quench for nonferrous 
metals. 

SPECIAL PROTECTIVE ATMOSPHERES are 
used for the first-stage cooling of some steels. 
The protective atmosphere almost entirely elim- 
inates air from around the metal and thus 
prevents scaling. When the steel has cooled 
enough so that there is no further danger of 
scaling, the remainder of the cooling is done 
in still air. 


HEAT TREATING PROBLEMS 


No matter how carefully you follow instruc- 
tions for heat treating, you may occasionally 
find yourself with a job that just won't turn 
out right. To some extent you can avoid this 
possibility by knowing in advance something 
about the main problems encountered in heat 
treating. The most common heat treating prob- 
lems include (1) design problems, (2) cracking, 
(3) warping, (4) soft spots, (5) size changes, 
and (6) spalling. 


DESIGN PROBLEMS 


Allhough you are not usually in a position 
to do much, if anything, about the design of a 
piece to be heat treated, you should have some 
knowledge of the effects of design upon heat 
treatment. Many parts which are correctly de- 
signed for their intended services are very 
poorly designed from the point of view of heat 
treatment. You should be able to recognize 


designs which may be difficult to heat treat 
so that you can make allowances for the de- 
sign in the way you perform the heat treating 
operations. 


When a piece is removed from the heat 
treating furnace, its temperature is uniform 
throughout. Whether or not this piece will cool 
uniformly depends largely upon the design. 
‘Uniform cooling? is, of course, a slightly 
inaccurate term; no piece of metal can cool with 
perfect uniformity. But a piece which is well 
designed for heat treatment is one which can 
cool as uniformly as possible for a piece of 
that particular composition and size. 


For example, a consider the cooling of a 
cube of steel. The surfaces of the cube will 
cool evenly except at the edges and at the 
corners, At each edge there are two surfaces 
which dissipate heat at the same time, and 
at each corner there are three surfaces. Con- 
sequently, the corners cool more rapidly than 
the edges and the edges cool more rapidly 
than the surface areas which are not at the 
edges or corners. If the rate of cooling is 
extremely rapid, the differences in cooling rate 
between corners, edges, and surfaces could be 
sufficient to cause cracking. 


Unequal masses in a single piece are likely 
to cause trouble when the piece is heat treated. 
Part A of figure 13-12 shows a cam which 
might very well become distorted or cracked 
during heat treatment because the mass of area 
X is smaller than the mass of area Y. Part B 
of figure 13-12 shows how the masses of the 
two areas may be equalized, while still keeping 
the required shape of the cam. The design shown 
in part B would not be as likely to distort or 
crack during heat treatment. 


B MASSES EQUALIZED 


A UNEQUAL MASSES 





18.101 
Figure 13-12.— Design of a cam. (A) Unequal 
masses, design not suitable for heat treat- 
ment. (B) Equalized masses, design suit- 
able for heat treatment. 
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A B 


18.102 

Figure 13-13,—(A) Part with unequal masses 
and sharp corners, not suitable for heat 
treatment. (B) Use of fillet design to reduce 
danger of cracking during heat treatment. 


The piece shown in part A of figure 13-13 
has two design features that would make heat 
treatment difficult. First, it has unequal masses; 
and second, it has sharp junctions where the 
smaller mass joins the larger end portions. 
A better design from the point of view of heat 
treatment is shown in part B of figure 13-13. 
Although the piece must necessarily have un- 
balanced masses, the use of a fillet at each 
junction of the smaller and the larger masses 
would tend to reduce the danger of the piece 
cracking from heat treatment. 

Figure 13-14 shows two designs for anunder- 
cutting form tool. The design shown in part A 
does not lend itself to heat treatment because 
of the combination of heavy and light sections 
and because of the sharp corners. The design 
shown in part B could be heat treated more 
successful. The corners have been rounded, 
where possible, and holes have been drilled 


through the two heaviest sections in order 
to make the masses more nearly balanced. 
In general, parts that are designed with 


sharp corners or unequal masses are extremely 
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Figure 13-14.— Two designs for an undercutting 

form tool. (A) Design not suitable for heat 

treatment. (B) Design suitable for heat treat- 
ment, 


difficult to heat treat. When it is not possible 
to change the design, you will have to figure 
out the best way to heat treat the part in order 
to reduce the danger of cracking or distortion. 

Even with a part which is not well designed 
for heat treatment, there are two ways in which 
you can usually reduce the hazards of heat 
treating. First, you can select the method of 
cooling which will be safest while still pro- 
ducing the required properties in the metal. 
For example, flush quenching of some areas 
might help to solve the problem. And second, 
you can shield the danger spots by packing them 
with asbestos and sheet steel or other materials 
so as to reduce the rate of heating and the rate 
of cooling in the areas that would otherwise 
tend to distort or crack. Shielding materials 
for steel are usually fastened in place with 
soft iron wire; the wire must have a very 
low carbon content, so that it will not become 
hard and brittle and fall off during the heat 
treatment. Holes near an outside edge or be 
tween an edge and an interior opening are 
usually packed with asbestos rope. Asbestos 
tents are sometimes used to retard the rate 
of heating of thin sections. These tents are 
removed before the piece is quenched, so they 
are usually fastened in place just securely 
enough to keep them from dropping off. | 


CRACKING 


Cracking during heat treatment may be caused 
by heating the material unevenly, by heating it 
to too high a temperature, by soaking it for too 
long a time, or by quenching it so that it cools 
unevenly. Some steels are given extra preheats 
to minimize the danger of cracking from un- 
even heating. Steel that has been overheated or 
oversoaked should be allowed to cool in air to 
room temperature and then heated to the correct 
temperature. However, metals and alloys that have 
been severely overheated cannot be salvaged; 
they are actually burned, and no amount of 
subsequent heat treatment can restore them to 
their original condition. 


Uneven cooling is a major cause of cracking 
particularly in some steels. Factors which con- 
tribute to uneven cooling include the design of 
the part, the presence of scale or other material 
on the surface of the metal, and the presence: 
of gas pockets in various recesses of the part. 
Seale should usuaily be removed before the 
material is quenched. Gas pockets in recesses 
of the part can be avoided by circulation of the 
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quenching medium or by agitation of the part 
in the quenching medium. 

Tool steels that have been deformed or 
worked while cold tend to crack during hard- 
ening unless they are fully annealed before 
the hardening treatment is started. These steels 
must also be tempered immediately after they 
are hardened. The so-called all purpose or 
self tempering tool steels are quite sensitive 
to cracking when they are used for heavy parts 
or for parts of unequal thicknesses. 


WARPING 


Any change in shape that is in the nature 
of a twist or a bend is known as warping. 
Uneven heating through the lower temperature 
ranges and uneven cooling are common causes of 
warping. Preheating tends to minimize the 
danger of warping from uneven heating. An- 
nealing parts before hardening them will some- 
times prevent warping; this is particularly true 
of parts which are rough machined on one side 
and smooth ground on the other. Air-hardening 
steels tend to warp if they are not protected 
from drafts while being cooled. 

Warping is particularly likely to occur in 
parts which have a large area but which are 
very thin. Warping may sometimes be pre- 
vented or minimized in such a piece by fasten- 
ing the thin piece to a thicker piece before 
quenching. Another technique used to minimize 
warping in a thin piece is to immerse the 
piece in the quenching tank with the minimum 
diameter of the piece in the horizontal posi- 
tion. 


SOFT SPOTS 


Soft spots in hardened steel can usually be 
traced to the use of the wrong quenching medium, 
the use of incorrect quenching procedures, the 
presence of scale on some parts of the surface, 
or the use of the wrong kind of tongs for han- 
dling the material. 

Using plain water as the quenching medium 
often results in soft spots in hardened steel. 
The air that is dissolved in fresh water is 
liberated when the water touches the hot metal, 
and many little bubbles or air pockets collect 
on the surface of the metal and in recesses 
of the part. Wherever an air bubble exists, the 
rate of cooling is retarded and a soft spot 
results, Surface scale causes soft spots in 
much the same way—that is, by retarding the 
rate of cooling in the spots covered by the 


scale. Steam bubbles formed when a hot part 
is immersed in water may also slow the rate 
of cooling and cause soft spots. 

Handling the material while it is hot with 
tongs that have too large a contact area or 
with tongs that have not been preheated will 
tend to produce soft spots. When the tongs 
cover wide areas of the hot metal, those areas 
are cooled below the transformation tempera- 
ture before the piece is quenched; consequently, 
relatively little hardening occurs in those areas. 
Tongs used for handling hot metal should have 
just enough contact area to ensure safe han- 
dling of the material, and they should be pre- 
heated before being used. 


SIZE CHANGES 


Some permanent change in dimensions may 
occur during heat treatment. In some cases 
this change of size is unavoidable; in others 
it is merely the result of incorrect heat treat- 
ment. 

Oil-hardening and air-hardening steels tend 
to shrink during hardening. This size change 
is normal, and cannot be prevented. However, 
it must be allowed for in the design of any 
part that must be precisely dimensioned. These 
steels tend to shrink excessively, more than the 
normal amount, if they are not heated sufficiently 
for hardening. They tend to increase in size 
if they are overheated. Very close control of 
temperature is necessary for successful heat 
treatment of these steels. 

When metal scales, some of the surface 
metal is lost. Thus scaling causes a decrease 
in size. Scaling can usually be prevented by 
controlling the furnace atmosphere. If furnaces 
with controlled atmospheres are not available, 
use a reducing atmosphere for stainless steels 
and high speed steels and an oxidizing atmosphere 
for carbon steels and oil-hardening steels. 

Excessive shrinkage occurs whenever there 
is a great difference in the cooling rates of the 
outer and the inner portions of the material. 
Flush quenching is often used to prevent shrink- 
age from this cause. 


SPALLING 


Spalding is the surface cracking or flaking 
of steel. The cracks are usually very shallow, 
but in severe cases fairly large sections of the 
surface may peel away. Spalling is usually 
the result of incorrect heat treating procedures. 
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SOURCES OF HEAT TREATING 
INFORMATION 


The information given in this chapter con- 
stitutes a scanty introduction to the highly com- 
plicated subject of heat treatment, As a Molder, 
you will probably find it necessary to obtain 
more information on the subject, particularly 
with respect to the specific heat treatment of 
specific metals and alloys. It is obviously not 
practicable to try to memorize a vast amount 
of detailed information concerning the exact 
procedure for heat treating every metal or 
alloy that you use. Since you will sometimes 
need just such detailed and specific informa- 
tion, however, you should know where to look 
for further information. 


Your first source of information should be 
the specifications or instructions for the par- 
ticular job. If the heat treatment procedure is 
specified, follow it exactly. 


If specific instructions on heat treatment 
are not specified for the job, find out what 
the piece is made of before you attempt any 
form of heat treatment. Heat treating a ma- 
terial of unknown composition is nothing but 
a guessing game. If the composition of the 
material is known, you can probably find the 
SAE number or other identifying number by 
consulting classification tables. When you know 
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the SAE or other identifying number, you can 
find instructions for heat treating material of 
that particular composition by consulting the 
Metals Handbook, published by the American 
Society for Metals; the Welding Handbook, pub- 
lished by the American Welding Society; or 
various engineering handbooks and textbooks. 

Military and Federal standards and speci- 
fications frequently give heat treating informa- 
tion. If there are any standards or specifica- 
tions applicable to the job you are working on, 
check them to see if they contain heat treat- 
ing instructions. Also, for certain types of 
Work you will find heat treating procedures spec- 


ified in General Specifications for Ships of 


the United States Navy. 
If you are required to do a considerable 


amount of heat treating, you will find it help- 
ful to keep a card index on the heat treatment 
of the materials that you use. Use a separate 
card for each material, and record such in- 
formation as the exact composition of the ma- 
terial; the SAE number, specification number, 
or other identifying number; and the tempera- 
tures and procedures to be used for various 
treatments. It is also a good idea to keepa 
record of any special problems or troubles 
that you encounter in heat treating each ma- 
terial. A card index of this type can be a val- 
uable source of information if it is carefully 
and accurately maintained. 


Chapter 14 


SAFETY IN THE FOUNDRY 


No organization is more conscious than the 
Navy of the need for the benefits to be derived 
from a policy which furthers the health and wel- 
fare of its personnel. As a consequence of this 
policy, all naval activities conduct accident 
prevention programs and strive to adopt oper- 
ating and working procedures which do not 
expose the individual unnecessarily to injury or 
occupational health hazards. 


RESPONSIBILITY FOR SAFETY 


Responsibility for safety is a command func- 
tion. While this responsibility cannot be dele- 
gated or passed on to someone else, the authority 
that accompanies responsibility can and is 
delegated to subordinates. Supervisory person- 
nel are under orders from and are responsible 
to the commanding officer to see that safety 
precautions are observed in their own work 
areas, In other words, it is your responsibility 
not only to know the applicable safe practices 
and to follow them yourself, but also to enforce 
the safety precautions established for foundry 
operations, As a supervisor you have the further 
responsibility of training your men in safe oper- 
ational procedures and in the use of personal 
protective equipment. 


TRAINING FOR SAFETY 


About 80 percent of all accidents are the 
result of carelessness. Only a relatively small 
portion of the injuries received by foundry per- 
sonnel can be traced to the failure of equipment. 
Obviously, eliminating carelessness will greatly 
reduce the accident rate. Nevertheless, equip- 
ment. must be maintained in tiptop condition. 
Just as important, though, is the way in which 
the available tools and machinery are used. 
This is governed largely by knowledge of the 
correct operating and working procedures and 
the attitude of the individual workman. 


A preventive maintenance and inspection 
program (see chapters 3 and 4) will reduce the 
possibility of equipment failures. The instruc- 
tion you provide for strikers and junior petty 
officers through on-the-job training and more 
formal types of instruction should provide your 
men with the knowledge and skill necessary to- 
operate equipment and perform assigned tasks 
efficlently and safely. This training, however, 
must point out the danger areas of a machine 
and must make it clear to the man how he can 
be hurt if improper methods are used. Effective 
training helps develop work habits that prevent 
accidents. 

Developing wholesome attitudes toward safety 
is important if accidents and injuries are to be 
avoided. It's your job to make your men want 
to be safe workers and to appreciate the value 


of the safety equipment provided, to understand 


that they personnaly benefit by observing safety 
precautions, On the surface this may appear to 
be a simple task, In practice, though, the task 
is far from simple, primarily because it often 


involves changing attitudes or deeply rooted 
ways of thinking and doing things. | 


Some men frequently have the idea that ‘‘the 
other fellow may get hurt, but it can't happen to 
me.” Others think playing it safe is ““being 
sissy’ or that an accident is an ‘‘act of God.’? 
These attitudes are undesirable. When they 
exist, it's your job to break them down and 
replace them with a picture of the personal 
benefits to be derived from safe practices. 
Often, this can be accomplished by playing on 
the emotions as well as the intellect of the indi- 
vidual. Show him how an injury will curtail his 
off-duty pleasures. Show him also that a safety 
program is important for his own well-being and 
not merely for the purpose of establishing a good 
safety record. 

Safety must be stressed constantly. Laxness 
in enforcing safety regulations will lead to care- 
lessness, especially when there has been a 
relatively long period without a mishap. And 
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carelessness, as we noted previously, is at the 
root of the vast majority of accidents. Viola- 
tions of a safety precaution should not be per- 
mitted. A pair of goggles worn on the forehead 
during even the briefest instant of a grinding or 
chipping operation won’t stop a flying particle 
heading for the eye. Constant vigilance for 
hazardous conditions and instilling safety con- 
sciousness in your men are primary functions 
of shop supervision. Without vigilance on your 
part and safety consciousness on the part of 
your men, the safety program will be ineffective. 


ACCIDENT PREVENTION 


An accident prevention program must en- 
deavor to prevent all accidents, not only those 
that result in serious injury. Frequently an 
accident occurs, but since nothing serious 
results, no report is made nor any thought given 
to it. It is your duty to investigate the CAUSE 
of all accidents and eliminate the possibility of 
their recurrence. The investigation must be 
made conscientiously, with the full cooperation 
of all the men in the foundry. 

It is a physical impossibility for any one 
individual to be on the spot every time a mistake 
in operational procedure or accident occurs. 
You’ve got to have the cooperation of every man 
in the gang or you won’t get the word about an 
accident—unless someone is injured seriously. 
For that reason, it is of utmost importance that 
you impress upon your men the need for report- 
ing all accidents and their cause. Then find a 
way to prevent them from recurring. 

It is a human trait to cover up a mistake, 
especially when the individual at fault knows 
that he will be severely reprimanded. You can 
overcome the tendency to cover up accidents 
and mistakes by showing a sincere desire to 
help remedy the cause. Have a sympathetic 
understanding of the problem, and develop a 
procedure that will eliminate the cause of the 
mistake or accident. Remember, each time a 
mistake is made, an accident is possible. No 
accident is intentional. With proper instruction 
and training, you can eliminate the mistakes that 
frequently are the cause of accidents. You've 
got to convince your men that your accident pre- 
vention program is for the best interests of all 
hands in the foundry, and-that each individual 
will benefit. 

There isn’t a magic formula that will produce 
a successful safety program. Each shop, each 
job, each operation has its peculiar problems. 


You’ll have to analyze your men, materials, 
tools, and equipment. Check the danger spots 
and provide adequate guards, signs, and machine- 
tool operating instructions. 

Good shop housekeeping goes a long way 
toward preventing accidents. Tools, equipment, 
and materials not actually in use should be 
properly stoved. Passageways must be kept 
clear to prevent accidents resulting from trip- 
ping or stumbling hazards. Combustibles and 
waste materials constituting fire hazards must 
not be permitted to accumulate. 

Before you assign a man to any job, assure 
yourself that he is both physically and emotion- 
ally fit to perform the job in a safe and efficient 
manner. A man who is ill, or one who has 
received bad news from home, is unable to keep 
his mind on his work. If he isn’t up to par, he’s 
likely to dope off and get hurt because his reac- 
tions are slow. Mental alertness is of prime 
importance. A man can think clearly and keep 
his mind on his work only when he is in good 
shape. A good supervisor knows his men, knows 
when they are fit, and makes assignments 
accordingly. 


One major importance in accident prevention 
is the proper use of appropriate protective 
equipment, To ensure that protective equipment 
is used properly, instruct all men in the shop in 
its use, adjustment, and care. Have each indi- 
vidual demonstrate his knowledge of and ability 
to use the safety equipment provided for foundry 
operations. Then insist that the equipment be 
used whenever the task performed makes its use 
advisable. Along with an insistence on the use 
of protective gear like shoes, leggings, respi- 
rators, goggles, and gloves, as the work situa- 
tion requires, insist on properly worn work 
clothes. Loose fitting or torn clothing is easily 
caught on projections such as flask handles, or 
by moving machinery. 


FOUNDRY HAZARDS AND 
THEIR CONTROL 


In some respects, many hazards encountered 
in the foundry are similar to those that exist in 
other shops. For example, stumbling, tripping, 
slipping, and falling object hazards may exist 
in any work space. Good housekeeping and 
carefully stowed materials will eliminate these 
hazards. Any shop in which personnel are 
engaged in grinding, chipping, wire brushing, or 
welding is an eye hazardous area. Screens and 
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ggles are necessary to control flying particle 
ards. 

Any job in which heavy or bulky objects must 

moved involves the possibility of rupture 

d/or hernia resulting from straining during 
ing. Teach your men to lift weight properly 
y using their legs instead of their backs. To 
a load, stand close to the load with feet 
olidly placed and slightly apart. Then, with 
he knees bent, grasp the object firmly and lift 
y straightening the legs, keeping the back as 
early vertical as possible. Do not attempt to 
ft beyond your capacity. Get help or use a 
echanical lifting device. 

Some hazards are peculiar only to the 
oundry. The foundry alone handles large vol- 
mes of molten metal; this single fact tends to 

ake the foundry a potentially hazardous place 
n which to work. Molten metal may become a 
eat to individual well-being during any stage 
f the casting process—melting, tapping, or 
uring. The extent to which molten metal is a 
hazard, however, depends on other conditions 
rules foundry, expecially the extent to which the 





es of good housekeeping are observed and the 
ount of teamwork involved in tapping and 
pouring operations. We will consider the haz- 
ards stemming from molten metal in greater 
detail when we list and discuss safe practices 
in melting and handling molten metal. Remem- 
ber, however, that no man should be permitted 
to assist in handling molten metal until he knows 
what to do and how to do it. 





SAFE MOLDING AND CORE 
MAKING PRACTICES 


1. Dress properly. Wear safety shoes at all 
times. When molding or core making, wear a 
short-sleeve shirt or roll your sleeves above the 
elbow. Avoid loose ends that can be caught on 
flasks or other equipment. Torn, ragged, or 
improperly worn clothing can cause mishaps 
leading to serious injury. 

2. Avoid the use of improperly tempered 
molding sand. Excess moisture causes molds 
to **blow" when metal is poured into them. When 
the shovel is not in use, stick it into the sand 
pile. If permitted to lie on the floor it becomes 
a stumbling or tripping hazard. Always carry 
the shovel with the blade down, not with the blade 
over your shoulder. 

3. Keep your working station in order. Fall- 
ing tools can result in injuries as well as 
destruction of your mold. Securely stack flasks, 
mold boards, core plates, and mold weights, in 


an orderly manner so that they will not fall. Do 
not grab a core plate until you are sure it is not 
hot. To determine if an object is hot, place the 
back of your hand NEAR the object. If the object 
is hot, the heat will be detected by the tender 
part of the hand. Mark objects ‘‘HOT”’’ as a warning 
to others. Burns result from carelessness. 

4. Use gaggers, core wires, vent wires, and 
other molding tools and materials carefully. 
Avoid pricking or cutting your hands on sharp 
edges. Wear safety goggles when compressed 
air is used in molding and core making opera- 
tions. Apply the jet carefully to avoid blowing 
sand in a shopmate’s eyes. Never blow com- 
pressed air at anyone, to clean clothes, or to 
cool off a person. 

5. When rolling cores and molds over, use 
the proper rollover method to avoid wrenching 
your wrist. Get assistance and/or use a hoist 
to roll over large core boxes and flasks. Do not 
work underneath molds suspended from cranes 
or hoists. Always place the molds on tripods 
or substantial horses when such work is neces- 
sary. Keep feet and hands from under flasks 
and core boxes. 

6. Be sure that electrical equipment—mix- 
ers, vibrators, riddles, etc.—are grounded. 
Exercise care to avoid electric shock. Equip- 
ment safety guards must be in place before any 
power equipment is operated. 

7. Refrain from practical jokes, tricks, and 
horseplay. Too frequently serious injuries re- 
sult from an innocent joke. This rule must be 
enforced in all foundry operations. 


SAFETY PRECAUTIONS FOR 
FURNACE OPERATORS 


1. Wear gloves and goggles when chipping 
cold slag from furnace linings. When intensive 
chipping is required, as when removing an old 
lining, clear-lens safety goggles are necessary. 
Respirators may be required to prevent dust 
inhalation. 

2. In addition to safety shoes and close- 
fitting work clothes, the furnace man must wear 
safety goggles at all time while tending the 
furnace. When looking into the furnace to 
observe the progress of melting, wear safety 
glasses having special colored lenses. 

3. Follow the proper sequence when lighting 
off furnaces and ovens. Post the operating 
sequence and special warning signs conspicu- 
ously near the furnace. 

4, Be sure that crucibles are in good condi- 
tion and stored in a dry place. Keep a tally of 
the number of heats run with a given crucible, 
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Always check crucibles for flaws. Never use 
improperly fitting tongs. It is a good idea to 
have a piece of solid cast iron the size and shape 
of the crucible around which to shape tongs. 
Follow the proper crucible and furnace charging 
melting and tapping procedures. 

5. Keep the area around the furnace dry. 
The area under a furnace must be covered by a 
heavy layer of dry sand. Do not permit moisture 
to collect. Do not add damp or wet metal to a 
furnace, crucible, or ladle of molten metal; be 
sure that the ladle is thoroughly dry. Any of 
these conditions in which molten metal comes 
in contact with water or moisture will result in 
an explosion, making the metal splatter and fly 
around. Such an explosion may result in serious 
injury to foundry personnel. 

6. Bull ladles and crane ladles should always 
have a positive, automatic locking device which 
should never be disengaged except while the 
ladle is being tilted to pour a mold. The center 
of gravity of a full ladle should always be lower 
than the trunnion support. 


PRECAUTIONS FOR HANDLING 
MOLTEN METAL 


1. Safety goggles tinted to neutralize glare, 
safety shoes, and special foundry leggings must 
be worn by all personnel engaged in tapping 
furnaces and handling molten metal. Do not wear 
gauntlet type gloves while pouring. Splashed 
metal may lodge in the cuff of the glove and 
cause a serious burn. 

2. Ladles, skimmers, and all equipment used 
in tapping and pouring operations must be thor- 
oughly dry. Take extraordinary precautions to 
eliminate the possibility of contact between mol- 
ten metal and mositure. 

3. Be sure that the passageway between the 
furnace and the molds is clear and that every 
man on the pouring team knows his job and how 
to do it. If there is any doubt, conduct some 
dummy run drills. It doesn't pay to take 
chances, 

4, Never walk backward or run forward when 
carrying a ladle of molten metal. When pouring, 
keep your feet at a safe distance from the mold 
in case a runout should occur. Do not place 
your face directly over sprues or risers. 

5. When carrying a ladle of molten metal, 
concentrate on that task alone. Never change 
the position of your hands on the shank without 
first setting the ladle on the floor. Even if your 
clothing should catch fire, keep calm; first, set 
the ladle securely on the floor, then smother the 
fire. To act otherwise subjects others as well 


as yourself to the possibility of severe burns. 
Do not attempt to carry a ladle in which metal is 
boiling. 

6. Metal ingot molds should be heated or 
swabbed with oil prior to pouring molten metal 
in them. 


PRECAUTIONS DURING CLEANING 


1. Wear the appropriate protective clothing 
designed for the job you are doing. In this 
connection, safety shoes are a must. Goggles 
are mandatory when chipping, grinding, wire 
brushing, and sand or shot blasting. Wear a 
respirator when working in a dusty atmosphere 
to prevent the develpment of silicosis. Gloves 
Save many seratches and cuts when handling 
and cleaning castings. They should not be worn, 
however, during grinding operations or when 
working on moving machinery. 

2. Castings should be ground on the face of 
the emery wheel, never on the side. To do so 
wears the wheel excessively and may cause it 
to shatter. Grind only with a grinding wheel that 
is running true. Be sure that the guards are in 
place and that the tool rest of stationary grind- 
ing wheels is properly adjusted. NO NOT MAKE 
ADJUSTMENTS WHILE THE WHEEL IS IN 


MOTION! 
3. During grinding, chipping, or welding 


operations, place a screen in position to prevent 
chips of metal from striking fellow workers. 

4. Use tools that are in first-class condi- 
tion. Repair or discard hammers having loose 
heads or split handles. Avoid the use of chisels 
with mushroomed heads. Be sure that files 
have a properly fitted handle. 

5. Never work on a casting suspended from 
a crane or hoist. Set it firmly on the floor or 
on a solid bench. Hold all tools firmly, espe- 
ciallyportable wire brushes and grinders. Keep 
the body away from the wheel to avoid injury in 
the event that control is lost. When portable 
power tools are not in use, they should be dis- 
connected from the power source. Stationary 
machinery must not be permitted to run un- 
attended. 

6. When acids are used in cleaning or pick- 
ling, they must be handled cautiously and suit- 
able protective clothing must be worn. 


SOURCES OF SAFETY INFORMATION 


The principal source of safety information 
is the Department of the Navy Safety Precau- 
tions for Shore Ac es, Navoo P-2499. In this 
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ublication, chapter 9 deals specifically withfound- uals furnished with your equipment. Still another 
y safety. Other chapters, however, are equally Source of information is the Safety Review pub- 
mportant. You should be familiar with chapters 1, lished by the Office of Civilian Manpower Manage- 
, 9,10, and 14. These chapters discuss the basic ment. Up-to-the-minute safety hints are available 
recepts of safety: housekeeping, hygiene, mater- through this monthly medium. By utilizing these 
al handling, storage, welding and cutting, metal Sources of information to develop a sound safety 
rorking, and portable tools, respectively. In addi- program you can minimize, if not eliminate, the 
ion to this publication, important safety precautions hazards of foundry work. Make the foundry a safe 
elating to the operation and maintenance of found- place to work. Make your men to want to be safe 
`y equipment is contained in the instruction man- workers. 
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APPENDIX I 
TRAINING FILM LIST 


Certain training films that are directly related to the information 
presented in this training course are listed below under appropriate 
chapter numbers and titles. Unless otherwise specified, all films listed 
are black and white with sound, and are unclassified. For a description 
of these and other training films that may be of interest, see the United 


States Navy Film Catalog, NavWeps 10-1-777, (1966), and Supplement 
2, NavAir 10-1-777 (1967). 


MC-4597 


ME-5213A 


ME-5213B 


ME-5225 
ME-5437 
ME-5438 
ME-5471 
ME-5472 
MN-8422 
MN-8639 


MN-9199A 


MN-9199B 


MN-9199C 


Chapter 2 
ORGANIZATION AND ADMINISTRA TION 
For Safety’s Sake. (13 min.—1945.) 


Problems in Supervision— The Supervisor as a Leader, Part 
1. (13 min.—1945.) 


Problems in Supervision— The Supervisor as a Leader, Part ` 
2. (14 min.—1945.) 


Planning and Laying Out Work. (10 min.—1944.) 
Introducing the New Worker to His Job. (14 min.—1944.) 
Instructing the Worker on the Job. (14 min.—1944.) 
Placing the Right Man on the Job. (13 min.—1944.) 
Supervising Workers on the Job. (10 min.—1944.) 
Shipboard Organization. (18 min.—1950.) 

Safety On-the-Job at Sea. (16 min.—1957.) 


Duties of the Division Officer—Organization and Adminis- 
tration. (18 min.—1953.) 


Duties of the Division Officer—Training. (21 min.—1954.) 


Duties of the Division Officer—Inspections. (20 min.—1954.) 
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MN-10043A 


MN-10043B 


ME-7311A 
ME-7311C 
ME-7311E 
ME-7311G 


ME-7311I 


ME-7311A 
ME-7311B 
ME-7311C 
ME-7311D 


ME-7311E 


ME-7311A 


ME-6885A 


Appendix I — TRAINING FILM LIST 





Chapter 3 


MAINTENANCE AND MATERIAL MANAGEMENT 


The Planned Maintenance System—Introduction, (20 min,— 
color—1965.) 


Shipboard Maintenance Data Collection System—Standard 


Navy Maintenance and Material Management. (20 min.— 
color—1965.) 


Chapter 5 


FACTORS IN FOUNDRY PRODUCTION 
Molding with a Loose Pattern (Bench). (21 min.—1944.) 
Molding Part Having a Vertical Core. (19 min.—1944.) 
Molding with a Gated Pattern. (11 min.—1944.) 
Molding with a Deep Green Sand Core. (24 min.—19495.) 


Molding a Horizontal Cored Part. (22 min.—1945.) 


Chapter 6 
SAND CONTROL TECHNIQUES 
Molding With a Loose Pattern (Bench). (21 min.—1944.) 
Making a Simple Core. (15 min.—1944.) 
Molding Part Having a Vertical Core. (19 min.—1944.) 
Molding With a Split Pattern. (19 min.—1944.) 


Molding With a Gated Pattern. (11 min.—1944.) 


Chapter 11 
CONTROL OF SOLIDIFICATION 
Molding With a Loose Pattern (Bench). (21 min.—1944.) 


Chapter 13 
HEAT TREATMENT OF CASTINGS 


Heat Treatment of Steel—Elements of Hardening. (15 min.— 
1949.) 
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ME-6885B Heat Treatment of Steel—Elements of Tempering, Normal- 
izing, and Annealing. (22 min.—1949.) 


ME-7313A Heat Treatment of Aluminum—Part 1. (19 min.—1945.) 


SE-7313B Heat Treatment of Aluminum—Part 1. (47 frames—Silent— 
1945.) 


ME-7313C Heat Treatment of Aluminum—Part 2. (24 min.—1945.) 
SE-7313D Heat Treatment of Aluminum—Part 2. (41 frames—Silent— 
1945.) 
Chapter 14 
SAFETY IN THE FOUNDRY 
MN-8185 First Aid for Burns. (21 min.—color—1957.) 
MN-8188E First Aid for All Hands—Burns. (11 min.—1958.) 


MN-8639 Safety on-the-Job at Sea. (16 min.—1957.) 
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brasion, 77 
ccident prevention, 254 
cid refractories, 77 
ction code taken, 33 
ctive maintenance time, 34 
dministration, 9 
EL number, 33 
ging, 239 | 
ir-circulating furnace, 243 
Alpha iron, 167 
Alteration, definition, 11 
Alteration equivalent to a repair, 11 
Alteration identification number, 33 
Aluminum base alloys, melting, 196 
Aluminum bronze, melting, 190, 193 
Aluminum hardening, 239 
AN number, 33 
APL number, 33 
Arrival conference, 13 
Artificially aging, 240 
Assigned card, 62 
Assistant repair officer, 10 
Austenite, 167 
Availabilities, 12 


Boiling point, 175 

Bath furnaces, 244 

Bearing adjustment, 88 
Bearing bronze, melting, 194 
Bearings, opening, 88 

Bench molding, 134 

Bending stresses, 172 

Blind risers, 219 

Blow, 131 

Bolting and bearing bosses, designs for, 106 
Borrowed card, 62 | 
Brasses, melting, 192 
Brittleness, 175 

BTU (British thermal units), 77 
Bulk refractories, 79 


INDEX 
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C 


Care of tools and equipment, 15 
Castability, 177 
Casting design, 103 
Casting range, 177 
Cast iron, heat treatment, 236 
Cast iron, melting, 198 
Cast iron, stress relieving, 238 
Cementite, 167 
Chaplets, 158, 159 
Charging, 183 
Chills, use of, 222 
CID number, 33 
CO, process of coremaking, 161 
COG symbol, 33 
Combustibility, 177 
Component, definition, 33 
Component identification, 33 
Composite card, 62, 65 
Compression stresses, 172 
Compression test, sand, 122 
Concurrent availability, 13 
Contraction, 97, 100, 101 
Control of solidification, 206 
Controlled equipage, 68 
Controlled or protective atmosphere, 242 
Cooling equipment, 247 
Coordinated Shipboard Allowance List 
(COSA L), 33 

Copper base alloys 

hardening, 241 

melting, 190 
Coreless induction furnace linings, relining, 83 
Core prints, use of, 151 
Cores, molds with and without, 155 
Cores and molds, 150 
Coremaking, 162 
Correction card, 63 
Corrective maintenance, 33 
Corrosion resistance, 177 
Cover fluxes, 185 
Cracking during heat treatment, 250 
Creep resistance, 175 
Cycle schedule, 28 
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Daily exception card, 57, 58, 62 
Daily exception listing, 64 
Daily labor exception listing, 67 
Dash assistant, 10 
Data element, 33 
Decalescence, 170 
Deferred action, 39, 41, 42 
Deferred action sheet, 13 
Deferred code, 33 
Deferred maintenance actions, 36 
Degasser, 186 
Degassing, 197 
Delta iron, 167 
Dendrites, 210 
Density, 175 

of material, 77 
Deoxiders, 186 
Departure reports, 14 
Desiccator, 108 
Design 

casting, 103 

problems in heat treating, 249 
Dipping a brick, 82 
Direct exchange of defective item, 70 
Distortion, 97 

in molds, 153 
Diving Manual, U,S, Navy, 10 
Draft allowance, 102 
Drop, 131 
Ductibility, 174, 179 
Durability, sand, 123 


Elastic limit, 173 
Elasticity of material, 173, 178 
Electric furnaces, 242 
Electrical assistant, 10 
Electronics assistant, 10 
Emergency tender availability, 12 
Engineering properties of a material, 177 
Equilibrium diagrams, 168 | 
Equipment Identification Code (EIC), 33, 34 
Equipment Identification Code Manual, 12, 34 
Equipment log, 15 
Erosion, 77 
Estimating 
time, 20 
costs and materials, 21 

. Eutectic alloys, 210 
Eutectoid composition, 168 
Exception Time Accounting (ETA), 25, 55 
Exchange and repair of disposition of defective 

items, 73 


Exchangeable pool, 68 
Extended core prints, 151 
External chills, 222 


Faking the pattern, 99 
Federal Stock Number, 33 
Feedback Report, 32 
Ferrite, 167 
Finish and Clearance Allowances, 102 
Floor molding, 145 
Flush quenching, 247 
Fluxes, 185 
Follow board, 94, 95 
Formability, 178 
Foundry 
hazards, 254 
management, 14 
sand testing, 116 
Fuel fired furnaces, 244 
Furnace 
air circulating, 243 
atmosphere, 182 
bath, 244 
charging, 182, 183 
electric rocking, 182 
fuel fired, 244 
induction, 183 
linings, 76 
maintenance and repair of, 75 
melting losses, 182, 183 
oil fired, 182 
operations, safety precautions, 255 
replacement of parts, 86 
slag control, 183 
Fusion, 76 


Gamma iron, 167 
Gasses 
control of, 186-188 
in aluminum, 187 
in aluminum bronze, 187 
in cast iron, 188 
in copper base alloys, 186 
in nickel base alloys, 188 
Gates, 224 


Gears, dismantling and reassembling, 87 
Grain 
boundaries of metals and alloys, 166 
structure of metals and alloys, 166 
Green top and air dried cores, 150 
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x Handscribed Exception Card for Regularly 


Assigned Personnel, 62, 64 
Hardening, 237 
Hardness, 174 
. Hardness tests, sand, 124 
. Heat of fusion, 208 
Heat treatment 
equipment, 241 
of castings, 232 
problems, 249 
‘processes, 234 
Homogenizing, 234 
How Malfunctioned Code, 33 
Hull assistant, 10 


Impact resistance, 178 

Induction furnaces, 183 

Intercast members, molding, 140 
Intermediate maintenance, 25 
Intermetallic compounds, 167 
Internal chills, 222 

Internal Material Issue, 69 
Inventories, 17 

Iron carbide, 167 


Job orders, 13, 15 


Labor codes, 56 

Labor code change, 57 

Labor, loaned, 59 

Labor Utilization Report, 62, 66 
Linings, furnaces, 76 

Liquidus, 208 

Load bearing resistance, 77 

Loaned labor, 59 

Lowest designated assembly (LDA), 33 


M 


Machinery assistant, 10 
Machinabllity, 177 

Manganese bronze, stress relief, 238 
Magnetic particle inspection, 226 
Maintenance 16, 25 


Maintenance and Material Management (3- M) 
Manual, 26, 64 
Maintenance and repair of furnaces, 75 
Maintenance Control Report, 13, 47, 50 
Maintenance Data Collection Subsystem, 25, 32 
Maintenance Control Board, 32 
Maintenance Control Number, 33 
Maintenance Data Collection Subgystem, 25, 32 
Maintenance Deferred Action Sheet, 13 
Maintenance Index Page, 30 
Maintenance of foundry equipment, 74 
Maintenance Requirement Card, 30, 31, 33 
Malleability, 174, 179 
Management, foundry, 14 
Manhour Accounting Reports, 62 
Manhour Accounting System, 25, 54 
Manual of Qualifications for Advancement 
in Rating, 4, 5 
Master Roster Listing, 56, 58 
Match board molding, 137 
Material and cost estimates, 21 
Material control, 64 
Material Expanded Record, 15 
Material Management, 25 
Material usage and cost data, 50 
Material used in direct support of maintenance, 
67 
Materials used to construct pattern 
equipment, 93 
MDCS Codes, 35 
MDCS documentation, 36 
Melting 
factors in, 180 
characteristics of melting units, 181 
contaminants and casting defects, 184 
control of gasses, 186 
control of temperature, 188 
electric rocking furnaces, 182 
fluxes, 185 
furnace operation and maintenance, 180 
gas absorption and oxide inclusion, 184 
induction furnaces, 183 
oil fired furnaces, 182 
metals, 190 
ferrous alloys, 198 
nonferrous alloys, 190 
losses, 183 
point, 175 
Metals and alloys, 164 
chemical, 175 
effects of structure on properties, 178 
engineering, 177 
equilibrium diagrams, 168, 169 
grain boundaries, 166 
grain structure, 166 
intermetallic compounds, 167 
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Metals and alloys-Cont, 
mechanical, 171 
properties of, 170, 175 
structure, 164 | 

Modulus of elasticity, 173 

Modulus of rupture, 77 

Molding techniques, 134 
bench molding, 134 
cores and molds, 150 
floor molding, 145 
match board molding, 137 
molding intercast members, 140 
molding pressure fittings, 140 

special techniques, 141 
Btopping off, 141 

Mold manipulation, 221 

Mold with cores, 155 

Mold without cores, 155 

Molds, distortion in, 153 

Monel 
hardening, 241 
heat treatment, 236 


Monthly Actual Labor Utilization Report, 64, 68 


N 


NAVALTS, 11 

Nav8hips Publications, 7, 10, 26, 75 
Navy Comptroller Manual, 34 
Neutral atmosphere, 242 

Neutral refractories, 78 
Nickel-base alloys, melting, 195 
Nondestructive testing, 226 
Nonferrous alloys, melting, 190 
Nonreporting repair activity, 34 
Normalizing, 236 

Not Repairable This Ship NPTS, 34 
NRT Ship Availability, 12 

NRTS-9, 68, 73 


Oil-bonded sand, 131 

Oll-fired furnaces, 182 

Optical pyrometer, 246 
Organization, 9 

Organizational level maintenance, 25 
Overtime work, 59 

Oxidizing atmosphere, 241 


Padding, 105 
Parent tender automatic availability, 12 


Pattern design requirements, 97 
Pattern equipment, 93, 94 
PCE, 79 
Pearlite, 168 
Permanent volume change, 77 
Permeability tests, 119 
Physical properties of materials, 175 
Planned Maintenance Subsystem (PMS), 25, 31 
Planned Maintenance System, 26 
Planning the work, 19 
Plasticity, 174, 178 
PMS Manual, 26, 28, 30 
Post solidification operations 
inspection of castings, 225 
nondestructive testing, 226 
personnel qualifications, 229 
shakeout and cleaning of castings, 224 
_ testing for production, 230 
Pouring range, 177 
Pouring temperature, 177 
Precipitation hardening treatment, 239 
Pre-expended material, 68, 69 
Preformed shapes, 77 
Pressure fittings, molding, 140 
Preventive maintenance, 33 
Primary failed part, 34 
Priorities, 20 
Production planning, foundry, 90 
Production report, 13, 53, 54, 55 
Projecting elements, 102 
Properties of metals and alloys, 170 
Pyrometer 
optical, 246 
thermoelectric, 245 
Pyrometric cone equivalent (PCE), 76 
Pyrometric control of temperature, 188 


Q 
Quals Manual, 4, 5 
Quarterly schedule, 28 
Quenching, 247 

R 


Radiographic inspection, 228 
Ram-vp blocks, 95 

Ram-up core prints, use of, 159 
Ram-up print, 151 

Randupson process, 127 

Rat tail, 130 

Recalescence, 170 

Record of Practical Factors, 5 
Records and reports, 15 
Reducing atmosphere, 242 
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Reference symbols, 34 
Refractories 

bulk, 79 

function and properties, 76 

general installation notes, 81 

kind and uses, 78 

materials, 78 

shapes, 79 
Regular overhaul, 12 
Regular tender availability, 12 
Relining coreless induction furnace linings, 83 
Repair activity reports, 50 
Repair activity unit identification code, 34 
Repair department duty officer, 10 
Repair department organization, 9 
Repair of defective exchangeable item, 71 
Repair officer, 9 
Repair department progressman, 11 
Repairs, definition, 11 
Reparable, definition, 67 
Replacement of furnace parts, 86 
Replenishment card, 62, 63 
Restricted availability, 12 
Revision card, 61 
Risering, 215 
Risers, 224 


Safety, 18, 253 
Sand 
analysis and testing, 107 
clay content, 109 
composition, determining, 107 
compression tests, 122 
condition and casting defects, 129 
control, 107,128 
durability, 123 
for the CO, process, 161 
grain fineness class, 113 
grain fineness number (GFN), 112 
grain shape, 110 
grain size and distribution, 111 
hardness tests, 124 
match, 96 
mixtures and substitute materials, 127 
moisture content, 108 
oil bonded, 131 
other tests, 126 
particles, 110 
permeability tests, 119 
rammer, 118 
Randupson process, 127 
recondition or replacement of, 128 
removal of, 224 


Sand—Cont, 
shear test, 124 
sorting coefficient, 114 
strength tests, 122 
tensile test, 123 
testing foundry, 116 
Scale, removal of, 225 
Schedule 
cycle, 28 
quarterly, 28 
weekly, 30 
Scheduling, 20 
Service code, 34 
Set core prints, 151 
Set-up core, 152 
Shearing stresses, 172 
Shear test, sand, 124 
SHIPALTS, 11 
Shipboard Maintenance Actions, 36 
Ship’s superintendent, 11 
Shock resistance, 178 
Shop housekéeping, 16 
Shrink and distortion, 97 
Shrink defects, 210 
Size changes, 251 
Slag control, 183 
Slagging, 76 
Slip, 178 
Slip planes, 178 
Soft spots in steel, 251 
Solidification, control of, 206, 212 
Solidus, 208 
Solution treatment, 240 
Spalling, 76, 251 
Special molding techniques, 141 
Specific gravity, 175 
Sound testing of bearings, 88 
Source code, 34 
Standard Navy Maintenance and Material 
Management (3-M) System, 25 
Statistical services, 34 
Steel, heat treatment, 236 
Steel, melting, 200 
Stress relieving, 238 
Still bath quenching, 247 
Stub requisitions, 15 
Stopping off, 141 


Strength of materials, 173 
Strength tests, sand, 122 
Supply availability, 12 


Supervising shop work, 23 
Supply support center, 69 
Surface prints, 151 
Sweep patterns, 96 
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T U 
Technical availability, 12 Ultrasonic inspection, 228 
Temperature control in heat treating Unit identification code (UIC), 34 
processes, 245 Unit of issue, 34 
Temperature gradients, 209 Upkeep record, 13 


Tempering, 237 

Tender availability, 12 

Tensile strength, sand, 123 V 
Tension stresses, 171 

Thermal conductivity, 77 
Thermal expansion, 77 
Thermoelectric pyrometer, 245 
3-M system, 25 


Voyage repairs, 12 


3-M Manual, 64, 74 W 
Time estimates, 70 
Tin bronzes, melting, 191 Warping, 251 
Torsional stresses, 173 Weapons assistant, 10 
Toughness, 174 Wear resistance, 178 
Training, 24 Weekly schedule, 30 
Training films, 8 Weldability, 177 
Training Publications for Advancement When discovered code, 34 

in Rating, 45 Work center code, 34 
Transferred card, 61 Work center supervisor, 34 
Transformation point, 168 Work progress log, 15 
Transformation range, 168 Work and progress reports, 13 
Type availability code, 34 Work requests, 13, 43, 44 
Type squadron division code, 36 Work supplement card, 13, 15, 47-49 
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